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Foreword 



,A pupirs experiences between the ages of 1 1 and 16 probably shape his ^ 

ultimate view of science and of th?. natural world/Durmg these years 

...^ . — - - • - /\ • . , ■ 

most youngsters become more adept at thinlcing conteptually. Since 
concepts are, at the heart of science, this is- the age at which most stu- 
dents first gain the abilit^to study^ science in a really organized way, 
Here, too, the commitment for or against sci^PjCe as an^interest or a 
vocatiqpi is.often made. - 

Paradoxically, the students' at this critical age have been the ones 
least affected by the recent effort to produce new science instructional 
materials. Despite a number of commendable efforts to improve the 
situation, the mid(ile years stand today as a comparatively weak* link-in 
science education between the rapidly changing elementary curriculum 
and the recently revitalized high school science courses. This volume 
and its accompanying materials cepresent one attempt to provide a 
sound approach to.ir^tructian for this relatively uncharted level 

At ttie outset the organizers of the l^SCS PrpjecW decided that it 
would be shortsighted and unwise to try to fiU the gap in middle 
school science education by simply writing another textbook. We chose 
instead to challenge some of the most firmly established concepts 
about how to teach and just what science material can and shoujd be 
taught to adolescents. The ISCS staff have tended to mistrust what 
authorities believe about schools, teacjiers, children, and teaching until 
we have had the chance to te^t these assumptions in actual classrooms ^ 
with real children. As cofffilcts have arisen, pujr policy has been to rely ^ . 

more upon what we saw happening in the schools than upon what 
authorities said could or would happenAlt is largely because of this ^ 
policy that the ISCS materials represent a substaiuial departure from 
the norm/ * ' ' r 

The primary difference between the ISCS program and more con- 
ventional approaches is the fact that it allows each student to travel •¥ 
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at his own pace. and>^t perniils the scope and sctjucncc of instruction 
to vary with his iniere.sts, abihlics, and background. The ISCS writers 
have systematically tried to give fhc student more of a role in deciding 
what he should study next and how soon he should stud^ it. When the 
materials are used as intended, the ISCS reacher serves more as a' 
"task easer" than a "task master." It is his job to help the student 
answer the questions that arise from his own study rather than to try 
to anticipate and package what the student needs to kr\ow. 

l here«js nothing radically new in the ISCS approach to instruction. 
Outstanding teachers from Socrates to Mark Hopkins have stressed the 
need to person^ize education. ISCS has tried to do something more 
than pay lip service to this goal. ISCS' major contribution has been to 
design a system whereby an average teacher, operating* under normal 
,c\5nstraints, in an ordinary classroom with ordinary children, can in- 
deed give maximum attention to each student's progress. 

The development of the ISCS material has been a group effort from 
the outset. It began in 4962, when outstanding educators met to decide 
what might be done to improve middle-grade science teaching. The 
recommendations of these conferences were converted into a tentative 

• plan for a set of instructional materials by a small group of Florida 
State U«iversity faculty members. Small-.scale writing sessions con- 
ducted on the Flonda State campus during 1964 and. 1965 resulted in 
pilot curriculum- materials that were tested in selected Florida schools 
during the 1965-66 school year. All thi? preliminary work was sup- 
ported by funds generously provided by The Florida State University. 

In June of 1966, financial support was provided by the United States 
Office of Education, and the preliminary effiort was formalized into 
the ISCS Project. Later, the National Science Foundation made sev- 
eral additional grants in support of the ISCS effort. 
I- The.'first draft of these materials was produced in 1968, during a 
summer writing conference. The conferees were scientists, science 

• educators, and junior high school teachers drawn from all over the 
United States. The original materials have been revised three times 
prior to their publication in this Volume. More than 150 writers have 
contributed to the materials, and mo^ than 180,000 children, in 46 

* states, hav^ been involved in their field testing. 

We sincerely hope that tfie teachers and students who will use this 
material wi'li.find that the great amount of time, money," ^nd effort 
that has gone into its development has been worthwhile. 
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Notes to the Student 



I The word science means a lot of things. All of the meanings are "right," 

\ but no^e are complete. Science is many things and is hard to de- 

scribe in a few words. 

We wrote this book to help you understand what science is and what 
scientists do. We have chosen to show you these things instead of 
^ describing them with words. The book describes a series of things for 

you to do and think about. We hope that what you do will help you 
learn a good deal about nature and that you will get a feel for how 
kientists tackle problems. 

How <s this book different Uftm other textbooks? 

This book is probably not like your other textbooks. To make any 
^nse out of it, you must work with objects and jsubs^inces. You should 
do the things described, think about them, and then answer any ques- 
tions asked. Be sure you answer each question as 'you come^t^t 
The questions in the book are^very important. They arc asked for 
^ three reasons-: 

1. To help you to think through what you sec and do. 
' 2. To let you know whether or not you understand what you've doQC. 
3. To give you a record of what you l^ave done so that you can 
use it for review. 

Htow^ill your cl3ss" be organized? ^ 

Your science class will probably be quite different from your other 
classes. This book \M\ let you start work with less help than usual 
from your teacher. You should begin each day's work whercwyou left 
olf the day before. Any equipment and supplies lieeded will .^e wait- 
vlfl ^ ingforyou. • f 
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Your teacher will not read to you or tell you the thiogs that you are, ' 
to learn. Instead, he will help you and your classmates individually. 

Try to work ahead on vour own. H" you have trouble, first try to 
solve the problem for yourself. Don't ask your teacher for help, until, 
you really need it. Do not expect him to give you the answers to the 
questions in the book. Your teacher iw.U try to help you tind N^here 
and how you went wrong, but he win not do your work for. you. 

After a few days, some of your classmates will be ahead of you and 
others will not be as far along. I his is the way the course is supposed 
to work. Remember, though, that there will be no prizes for finishing 
first. Work at whatever speed is best for you. Rut be sure under- 
stand what you have done before mbving on, 

'txcursions are mentioned at several places. These' special activities 
are found at-the back of the book. You may stop and clo any excursion 
that looks interesting or any that you feel will he]p you. (Some ex- 
cursions will help you do some of the activities in this book.) Some- 
times, your teactjy may ask you to do an excursion. 

I 

What am I expected to learrr? 

During the year, you -will work very much as a scientist does. You 
should learn a lot of worthwhile information. More important, we 
hope t|iat yorf will learn , how to ask and answer questions about 
nature. Keep in mind that learning how to find answers to questions ^s 
just as valuable as learning the answers themselves. ^ 
/ Keep the big picture in mind, too. Bach chapter builds on ideas 
already dealt with. These ideas add up. to some of the. simple but 
powerful concepts that are so important in science. If you are given a 
Student Record Book, do all your writing in it. Do not write in this 
booh Use your Record Bpqk for making graplfs,^ tables, and diagrams, 

^*^rom time to time you may . notice that your classmates Jiave not 
always given -the same ansvffers that vou did. This is no cause for 
worry There are many right answers'^to some of the questions. And 
in some cases you may not be able to answer the questions. As a 
matter of fact, no one knows the answers to some of them. This may 
seem disappointing to y6u.at first, but you will soon realise that there 
is much that science does not ^now. In thiS course, you ^ill learn 
some of the thing8-we don't know a/well as what is known. Good luck. 
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The Message of Sunlight Chapter 1 



Space probes have photographed the surface of Mars and 
of the moon. The Mariner space probes actually sampled 
the atmosphere of Mars, while the Surveyor space probes 
Smple the soil of the moon. Now men have walked on he 
Ss surface and brought back rock samples and detailed 
p Wphs. It may surprise you to learn that <hese develop- 
Slts^ave led to few unexpected results Most o the mfo - 
mation collected supported what asuonomers already be- 
UeTed. How did astronomers get such accurate mformafon 
Zut objects like the stars, the moon, and the planets without 
■a«uaUy going to them? Tliis is the question you w.U tackle 

"stceTou are in school during the d»y, a g-f P'^ » 
start is to study the sun and measure some of tts charac 
l^tics. Some of the questions about it that you should try 
to answer include these: 

1. What is the sun made of? 
' 2. How much energy does the sun give off. 

3. How can the distance to the sun be measured? 

4. How large is the sun? 

5. How can the motion of the sun be described? 

.You may think you can answer some of these questions 
already. Perhaps, for example, you've ^^^^ ^somewhere how 
' fi^ it is to the sun. Bm remember, you should also learn 
how measurements of the sun are made. Fading out. will 
call for much more thought than simply looking up a number 
"ok. Once you know how to find such answers, you 
will be able to invasti^te celestial objects on your own. 
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Getting started 

Although you may rcali/c it, the sun is constantly 
sending you uifomiation about itself. Unfortunately, you 
can't read the information like a newspaper. The information 
IS in the form of light. Figuring out what it tells you about 
the sun is rather like cracking a code. 

One of the w,uys lo read sunlight is to observe how it 
behaves when it passes through certain materials. YouVe 
probably seen an cxajiiple of this after a rainstorm. Light 
'^passing through droplets of rain at a certain angle is broken 
up into a series of colors. Most people call the result a rain- 
bow. Scientists call it a spectrum. 
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Begin >our stutt)' of the sun bv looking taicf'ullv al the 
spectrum formed when its light passes through a device called 
a spectroscope. Betorfe you stait, howrcver, here is an impor- 
tant warning. 

.S.ilel-Y N<.)tt>: Never look viiiect ly at (lie sun lluoiujh any 

i list t ument. or with you) unaidtnl eye. Thi:; i,.an <'.tuse sr> i on 

damaije if.) youi eyes. 



Pick up a spectroscope from the supply area. Be careful 
not to touch the plastic disk in the eyepiece. The oil from 
your skin can soil the disk and ruin the spectroscope. 

ACTIVITY 1-1. Lay a sheet of whit© paper In a patch of direct 
sunlight. (This l%a safe way to observe sunlight without lobk- 
Ing directly at me sun.) Point the s|lt end of the spectroscope 
toward the.paper with the slit pointing up and down. Hold the 
eyepiece snugly against your eye. 




Sunlight 



Hold like this. 



^pttctrosoope 



Slit end 



not this. 



Z 



ACTIVITY 1-2. As you look through the spectroscopy, look 
to the side of the tube until you see a rainbow (spectrum) 
(dearly. Turn the eyepiece without turning the slit until the 
spectrum is as wide as you can make it. 





Spectrum 



Keep steady 



Spectrum 



□1-1. List, in the order you see them, as marty colors of 
the spectrum of sunlight as you can. If you look sharply, 
you should be able to see sevetal. 
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Compare vt)ui list ot'a>li>rs wjih the spcciiuin phi>U)^raph 
m I igurc 1' 1. 

' J1-2. Hi>w do the. number and order of your list of colors 
compare with ilu>se m the phoii)graph (f igure l-I)? 



FIgqre 1-1 



H blue 





If" the photograph k)oks dillcrcnt from the spectrum you 
saw in th? spectroscope, try the ^"xperirnent again. If you 
still have trouble, ask your teacher or a classmate for help. 

ACTIVITY 1-3. Remove the eyepiece and the slit end from the 
spectrosafope. Experiment with them until you can answer 
que8tloipJ-3. 
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Plastic dl»k Slit 

Mote-. 6e careful to kcef your finder oj^' the plastic disk in the 
eyepiece . ' . 

ni-3. Which cau.ses the spectrum to appear, the plastic disk 
or the slit? How do you know? 

The plastic disk is called a difVraction grating. Thousands 
of tiny parallel lines have been marked on it. These lines 
cause the light to spread out into the color spectrum you've 
.seen. This kind of spectrum is called a continuous spectrum 
because one color continu<S right into the next. 

Using the spectroscope 

Earlier, it was said that sunlight carries information about 
the sun. Now you've seen that sunlijiht can be spread out 
into a spectrum. Can the spectrum from sunlight tell you 
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something aboul (he nature of the sun? Is the sun like other 
^ sources of light.^ Perhaps the spectroscope can help you find 
out. 

Somewhere m yi.>ur classroom your teacher has set up a 
glowmg light bulb. Carry your spectroscope to this area and 
^use it to look carefully at' the hghi from the bulb. 

□ 1-4. In the space provided in your Rec\5rd Book, Hst the 
colors in the order you see them in the spectrum produced 
by th,e bulb. If you find any differences between this spectrum 
and the one produced by sunlight, list them. Look especially 
for differences in how strongly certam colors show up and 
for any bright or dark lines. 

ni^- Next, use your spectroscope to examine the light from 
a fluorescent tube. Once -again, list Jhe colors m the spectrum 
^in the order you sec them. Also, describe any differences 
between the spectrum from the fluorescent tube and the 
spectrum formed by sunlight. 

y If you made careful observations^ you should have noticed 

some bright lines in the fluorescent-tube spectrum t!iat you 
didn't see either in tlje sun's spectrum or in the spectrum 
from the light bulb. Also, some of the colors may have shown 
up more clearly in one spectrum than another. What do these 
differences mean? ^ i. 

M To find out^ you'll need to work with a partner. You Will 

be using the spectroscope to look at the light given off^ from 
heated substances. Therefore, you will need to work in semi- 
darkness. If a part of your r(X)m cannot be darkened/then 
* rig your own work space as shown in Activity 1-4. 



String 



ACTIVITY 1-4. Set up two pegboard backs as shown. Put 
another piece of pegboard or other nonbui^nable shield across 
the top of the pegboards to give more shade. 
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Now gel the following materials from the supply area: 

3 pieces of nichrome wire, each 10 cm long 
1 alcohol burner 
.3 petri dishes 
I spectroscope 

1 small container of water \ 
1 eyedroppcr I 
3 pieces of masking tape, each 3 cm long 
Lithium chloride crystals 
Suonlium clilonde crystals 
Sodium chloride crystals 

< 

ACTIVITY 1-5v Pull 1 cm of the wick out of the alcohol iHimer. 
A weiMrlmm«d wick should not be black at the end. Light 
the burner ^and look at the spectrum of the flame, (it's lilceiy 
to be very faint) 



□ 1-6. Compare the spectrum of the alcohol larrfp with the 
spectrum of sunlight that you looked at earlier. 

□ 1-7. Did you see any bright lines in the spectrum of the 
alcohol lamp? 

If so, what 9olors were they? 

ACTIVITY 1^. Mix the crystals of lithium chloride with 2^drops 
of water in a petri dish labeled "LI" (lithium). Make a small 
ipop in one end of a nichrome wire and attach a small piece 
of masking tape, also labeled "Li." 




ACTIVITY 1-7. Dip the loop of nlchrome wire Into ttie Ht 
\ chloride solution. While your partner looks di the spectrbm 
I of the alcohol flame, put the loop Into the flame. Do not touch 
' the wick with the loop. Tty not to get any chemicals o^ the 
wick, li^e turns looking at the spectrum. 

□ 1-8. In thKspace provided in your Record Book, show 
the position k any bnght lines you saw in the spectrum. 
Compare yourjs^ with the lilhiunv> spectrum shown in 
Figure 1-2. 




Figure 1-2 



ACTIVITY 1-8. Using a clean dish and a clean wire, repeat 
Activities 1-6 and 1-7, using strontium chloride crystals. Label 
the dish and wire "Sr." Again, do not get any ot the c/iem/ca/ 
on the wick. 



□1-9. In the space provided in your Record Book, sketch 
any bright lines you saw. in the strontium spectrum. Then 
compare your sketch with the Sr Spec^um in Figure 1-3. 




ACTIVITY 1-9. With a third clean dish and clean wire, repeat 
Acttvltles 1-6 and 1-7, using sodium chlqiide (label '^Na"). 



Figure 1-3 




□ 1-10. Sketch any bright lines you saw in the sodium spec- 
trum. Then compare your sketch witji the Na spectrum 
shown in Figure lr4. 




Figure 1-4 



CHAPTER 1 7 



^0 



ii tWitif •i1f''T''^-Tf'^'^iiii 



The spectrum of aii element hf^led in a fairly colorless 
flame is jUSt a few bright lines. This type of spectium is called 
a bnght-lme spectrum. Each element prt^duces a defimte set 
of bright lines. Scientists have found that they can identify 
an clement by its bnght lines as surely as they can identify 
you by your fingerprints. The bnght Imes you earher 
in the fluorescent-tube spcytrum were due to the gases in 
the tube (mostly mercury Apor). 

From time to time in this unit, you- will be asked to dp 
"probkm breaks " 1 hese are problems for you to solvc,^ 
without much help from your' bcH>k or from ;^our teacher. 
The problems will usually help you underst^d what yoU 
are studying m the chapter. But thafs not their majpr pur- 
pose. They are designed to give you practice in problem 
solving, and m setting up your own experiments. You should 
try every problem break— even the tough ones. And in most 
cases you should have your teacher approve your plan before 
trying it. The first problem break in this unit is commg up 
next 



PROBLEM BREAK 1-1 ' . * 

Now here's'some detective work for you. Y6ur teacher has 
prepared a solution.of one, two, or three of the substances 
you just tested (sodium chlonde, lithium chloride, apd stron-. 
tium chloride). Your job is to find out which substance pr 
substances was used. 

□ 1-11. In the space psovided in your Record Book, show 
the position of any bright Unes you identify. 
ni-12 Compare the sketch you made with the sketches you 
made in answer to questions 1-8, 1-9, and 1-10. What sub- 
stance or substances do you predict are in the unknown 
solution? 



\ Check your prediction with your teacher. 
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Astronomers use spectroscopes to identify the elements m 
the stars. In fact, the spectral lines of the element hehum 
were first observed in sunlight. WheA the substance that 
produced these lines was finally found on the earth, it was 
named heUum (fVom the Greek word helios, meanmg "sun ). 
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The spectxum of hdium is shown in Figure 1-5. You should 
notice a peculiar/ciUlcrence in this spectrum when it is com- 
pared to others you have observed. 



Perhaps you would like to learn more about the kind of 
spectrum' shown in Figure 1-5. You can find out how they 
were discovered and how to see one yourself by domg Ex- 
•cui&on 1-1. . 

Bright lines and dark lines in spectra can tell astronomers 
a gi*cat deal about the composition of stars and planets. 
Most of what we know about th^ sun and its atmosphere is" 
a direct result of information from spectra. 

In, Chapter 2 you wiU see how to take the first step in 
measuring the amount of energy released by the sun. For- 
tunately you won*t ha^c to go there to do it.' 

Befono going on, do Self-Evaluation 1 In your Record Book. 




Figure 1-5 
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Watts New? 



Chapter 2 



Everybody knows that the sun gives off lots of energy. In 
fact, you may have heard that all energy on the earth comes, 
in one way or another, from the sun. But what does it mean 
to say 'nots of energy"? How mu^is "lots"? That is the 
problem for this chapter-to gel of how much energy; 

the 5un gives off. " 

To be sure you are ready to begin the next activity, you 
need to know some ^things about energy. The following 
checkup will help you find dui whether you are ready to go 
ahead. ' - 
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CHECKUP 

In your Record Hook, place a check mark in front of each 
correct ah^^^r. There may be more than one correct answer 
per question. ^ 



1. 


Work is 


2. 


A measure of energy is 


a. 


force 


a. 


force. 


b. 


distance. 


b. 


force X distance, 


c. 


force X distance. 


c. 


sp^6d X time. 


d. 


speed X time. 


d. 


work. 


3. 


Energy can 


4. 


Energy is always 


a. 


exist only in the 


a. 


conserved. • 




form of heat. 


b. destroyed. 


b. 


exist in more than , 


c. 


needed to over- 




one form. 




come forces. 


c. 


be transferred 


d. 


a measure of the 




from ont system 




time needed to 




to another. 




do work. 


d. 


cause dianges in 








ra after. 
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Check your answers on page 77 of Excursion 2-1. 

To begin making a sun-energy indicator, youVill need 
these things: 

. 1 strip of copper, 6 cm X 3 cm 
1 Celsius thermometer 

1 piece of dowel, the same diameter , as the thermometer 

bulb 
1 candle 

Matches ^ 
Paper dip 

ACTIVITY 2-1. Pinch ihe strip of copper tightly around the 
dowel as shown. ^ 

Copper 
strip 
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Dowel 






ACTIVITY 2-2. Bend Vrfe end»,of the copper back flat 

' As you know, that part of the sun's energy t^Jt reaches 
the is in the form of light. A large portion of this light 
energy changes to heat energy when it reaches the earth s 
ItmoYphere surface. .Fhis heating effect is what causes 
object; put in sunlight to 'get hotter. How much the tempera- 
turc of an object increases depends on 

1. how big the object is, 

2. how well it absorbs heat, . 

3. how quickly, it conducts heat, and 

4. long it is heated. J 
Each of these factors affects how much change in temperature 
wiU be obsea^ed when the object is#iced in the ^un. 

All of this means that you can get an idea of how much 
heat is absorbed by an object by measuring its temperature 
before and after placing it in the Ught. AU you need is an 
.object to ^ heated, and a thermometer. 

ACTIVITY 2-3. Slide the copper .trip from Xh4 dowel and under 
the bulb of tl^e thermometer. Uently pinch U around the bulb, 
tite c^e so as nof fo break the thermometer. / 




By now, youlve probably figured out how your sun-energy 
indicator will ^ork. ■ . f 

□2-1. What do you predict will happen to the copper strip 
if it is placed in sunlight? ' , 
□2-2. What is the purpose of t^e thermometer? 

Now let's test the energy indicator you've built. 
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ACTIVITY 2-4. Hold the Instrument In the shade for a couple 
of minutes. Then move It into the sun for a few more minute*. 
Do not rest It on any surface. 





□ 2-3. Was the thormometer reading in the shade different 
from that in the sun? (If so, how much?) 

If the thermometer didn't shov^a temperature change, 
something is wrong. The copper strip should I?ave absorbed 
enough energy to affect the thermometer. If it'didn't, check 
Activities 2-1, 2-2, and 2-3 to be sure that you put the instru- 
ment together correctly. 

You should make one improvement in your sun-energy 
indicator before you use it. You probably noticed that the 
temperature change was slow in occurring. Th^ amount of 
temperature change was probably rather small, too. It would 
help matters if the copper absorbed energy more quickly than 
it does. 

Copper is a shiny metal. This means that it reflects some 
light. If you could cut down its shininess, the copper would 
convert more Ught energy to heat. 

□ 2-4. What could you do to the copper to make it absorb 
more of the sun's energy? 

ACTIVtTY 2-5- Slide the copper strip off the thermometer. 
Insert a pencil or dowel in the bend of the strip. Hold the 
copper over a lighted candle. Try to cover the flat surface 
evenly with soot from the candle. Warning Do not hold the 
thermometer over the candle, as it will get hot ana break. If 
you get wax on tlie strip« yOu must clean it and start again* 
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Remove the sun-energy indicator from the sunlight ^nd 
let it return to room temperature. 



ACTIVITY 2-6. Let the copper strip cool. Then, holding It by 
the Mnblackened loop, attach It to the thermometer as before 

Test your instrument in a sunny spot- 

□ 2-5. At room temperature, jvhat temperature does the 
sim-energy indicator show? ^ 

□ 2-6. What temperature does the instrument show after 
being in; direct sunlight for a few minutes? 

□ 2-7. By how many degrees did the temperature change? 

□2-8. Why do you think copper was a good choice of metal? 

\ • " 

With this instrument you should be able to get an idea 
of how much energy is received by the copper stnp from 
the sun in k given amount of time: 

By now you may be seeing some problems^ iff. using the 
sun-energy indicator. Suppose, for example, you got a read- 
ing in the sun 20° higher' than in the shade. This.would tell 
you that the copper strip had absorbed energy. But it would 
certainly not tell you how much total energy the sun gives 
""^hlp learn that, you would need to know several other 
things. The nfcXt actiN/ities will help you- find out. what they 
arc. Pick up. a^pegboard and a paper chp, 

ACTIVITY 2-7. Hang the sun-energy Indlcaty In an upright 
position as shown. You can make a hanger from a paper clip. 
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Table 2-1 



Carry the stand with the attached instrument to wheic your 
teacher has set up a series of light bulbs. 

You will use these bulbs as n lij^.ht source. They will rep- 
resent the sun. 

ACTIVITY 2-8. Place the pegboard so that the blackened sur- 
face of the copper strip Is 20 cm from the center of one 1 50-waM 
bulb in the parallel circuit. 



Record the temperature of the thermometer in Tabic 2-1 
of your Record Book. 1 hen turn on the lamp. Every, 30 
seconds, record the thermometer reading. Complete the tabic 
by calculating what the total temperature change has been 
up' to each of the times indicated (new temperature minus 
the temperature at 0.0 time). 



Time 
(minutes) 


Temperature' 

(°C) 


Total 

Temperature • { 
Change CC) 


0.0 






0.5 






1.0 






f 1.5 




— — f — 








2.5 




-g-^ 


3.0 






3.5 


^ 




4.0 






4.5 






5.0 
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Graph your results cm the grid of I'lgure 2-1 in your 
Record Book. Use ihc data from the Total Temperature 
Change column and f rom the 1 ime column. / 
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Figure 2-1 
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3.5 



□2-8. According to your graph, how many minutes passed 
before the temperature stopped rising? 

□2-10. Why do you think the temperature stopped incro^s- 
ing? 

Place the sun-energy indicator away from the light so that 
it can cool to room temperature. 

□2-11. List at least three variables that you think might have 
affected how much temperature change you observed.- 

\ 

You should now investigate the effects of different amounts 
of light energy on the sun-energy indicator. You can use light 
bulbs'of different sizes. Be sure to keep other variables, such 
as timt; and distance, constant. 



4.0 4.5 



5.0 



ACTIVITY 2-9. Set up the sun-energy Indicator and light 
source as shown. Use a 60-watt bulb and wait until the tem- 
perature reaches Its maximum reading (about 5 minutes) 
Record the original and maximum temperature readings In 
Table 2-2 of your Record Book. 

} 






ACTIVITY 2-10. Allow the thermometer to return to room tem- 
perature. Repeat Activity 2-9. using a 100-watt bulb. Record 
the data in Table 2-2. 



Use data from the 0.0 and 5.0 lines of Table 2-1 on page 
16 to nil l^ ihe spaces in Table, 2-2 foi the 150-watt bulb. 



Table 2-2 



\ 



Bulb 


Original 
Temperature 


Maximum 
Temperature 


Temperature 
Change 


60w 








lOOw 








150w 
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Figure 2-2 



The watt number on a bulb tells you how much energy 
it produces. The greater the wattage, the greater ^hc cncr^ 
' produced. ; 

□ 2-12. Which of the following bulbs produces the most ligKt 
energy: 150W, 60W. or lOOW? 

Complete the last .column in Table 2-2, and graph your 
results in -Figure 2-2 of your Record Book. \ 
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□ 2-13. What happened to the temperature change as tlie 
wattage (amount of energy) of the bulb increased? 

□ 2-14. Look at your graph in Figure 2-2. Predict the amount 
of temperature change you would have recorded if you had 
used a 50-watt bulb. 

□ 2-15. Suppose the 50-watt bulb had been placed 40 cm 
from the strip instead of 20 cm. Predict how this would have 
affected the amount of temperature change. 

PROBLEM BREAK 2-1 

Get a 50-watt bulb and test your predictions for questions 
2-14 and 2-15. How much does the reading of the sun-energy 
measurer change when you double the distance between it 
and a light source? Suppose you tripled the initial 20-cm 
distance. Would the temperature reading decrease to one 
■ third of what it was at 20 cm? 

In your Record Book, describe an experiment you could 
do to study the relationship between distance and tempera- 
ture change. Have your teacher approve your design before 
. doing the experiment. Record your data in your Record Book 
• in the form of a graph with, at least eight data points. 

Q2-16. In your elcperimenti why should you keep the watt- 
age of the hght source constant at 50 watts? 

Now let's return to ithe problem that started this chapter. 
Let's try to use your sun-energy indicator to find out how 
much energy the sun is giving off. 

ACTIVITY 2-11. Hold the sun-energy Indicator jp a sunny spoL 
Leave It there until the thermometer reading stops going up. 



SUr\li c^"^ 
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I 12-17. Wow much tcmpcialurc chanjic did the sun-energy 
indicator show? • 



Now look at your giaph from Problem Break 2-1. 




IJ2-18. At what distance from a 50-watt bulb must the mdi- 
cator be placed to show th6 same temperature as it did in 
direct sunlight? 

Test your answer to question 2-18 by placing the sun-energy 
indicator at the distance you gave. 

You know that the sun gives ofl a lot more energy than 
a 50-watt bulb. But because it's so far from the earth, the 
energy that reaches the copper strip from the sun is no greater 
. than that from the much closer bulb. The distance an object 
is from the light source has a great effect on the amount 
of energy received by the object. Therefore, when calculating 
th^ energy prcxluccd by the sun, its distance must be an 
important factor. 

An accurate measure of the sun's energy must include its 
distance from the earth. In a later investigation you will 
measure that distance. For now, you can only get an idea 
of how great is the sun's total energy output. To do this, you 
will need to take your sun-energy measurer over to the area 
where the bulbs in parallel circuits are located. 

ACTIVITY 2-12. Set up your apparatus as shown. After 5 
minutes, note the temperature. 

□ 2-19. Record the highest temper^ure reading from the 
50-watt bulb at 20 cm. 



< : 
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ACTIVITY 2-13. Remove the 50-watt bulb and move the socket 
40 cm from the sun-energy measurer. 

Your problem is lo place in ihc sockcis* a bulb oi bulbs 
that will produce the same maximum temperature change 
that you found in Activity 2-12. 




□ 2-20-^J^t wattage (energy) bulb or bulbs do you predict 
will produce this reading? 

Add bulbs to the sockets until you find one. or a combi- 
nation, that produces roughly the reading you are looking 
for. Be sure that the bulbs are 40 cm from the sun-energy 
measurer. 
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□ 2-21. How many 50-watt bulbs would you need at 40 cm 
to give the same temperature reading that one 50-watt bulb 
gave at 20 cm? 

□ 2-22. Suppose you moved the sockets to 80 ,cm. How many 
SOwatt bulbs would you have to use to produce the sajaae 
reading as one 50-watt bulb at 20 cm? 

Now think how many 50-watt bulbs you would need if 
you moved the ^Hcket out a mile from the energy indicator. 
YouM have to have a tremendously large source of energy 
fo gi ve the same reading. 

The sup is many, many miles from the earth. With what 
you know now, you can* be sure thkl the sun is giving off 
a tremendcJus amount of energy. To give a good estimate 
of how miich, you will need to- know how many miles away 
thfe sun is. That is the subject of the next chapter— the \vay 
to measure the distance from the earth tOs^e sun| 



Befoll^ going on, do Self-Evaluation 2 in your Record Book. 
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Far-Out Sun 
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Chapter 3 



Measuring the distance to the sun may seem like an impossi- 
o ble job to you. More than likely, you've always used a ruler 
or meterstick to measure distances, but such a device won't 
work for measuring the distance to the sun. 

Actually, the problem won't be as difficult as you may 
think. In many w^ys, you're in the same boat as a hunter— or 
a photographer— who wants to know the distance to an ani- 
mal. If he tries to use a ruler or tape measure, "he won't get 
many shots. 

Both camera and rifle manufacturers have solved the 
problem in the same way. Many guns and cameras include 
a device called a range finder. In using a range finder, a 
person looks at an object from two difi'erent angles. The 
device evaluates the distance to the object from the size of 
the angles formed. (See Figure 3-1.) 

Hgure 3-1 
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You can use a simple homcmaile range Inider that will 
help you measure the distance to the sun. Get one from the 
supply area. 



Sighting line 



ACTIVITY 3-1. Look the range finder over carefully, f^oto par- 
ticularly the labeled parts. Draw and label the sighting line 
and base line on your range finder if this has not been done. 



Sighting tmr 
J. 





Baseline 
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Before you try to measure the distance to the sun with 
the range finder, you should learn how it works. Pick out 
an object to look at on the other side of your classroom. 

ACTIVITY 3-2. Place the range finder on a fiat surface and 
line up the sighting line with the object. Without moving the 
pegboard, adjust the sighting bar until It lines up with the 
object. When you are finished, both the sighting line and 
lighting bar should be lined up with the object 




Q 



Object 
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ACTIVITY 3-3- Move the range finder along the sighting line 
until It Is several feet closer to the object. Don't change the 
position of the sighting bar. 




Q 



Object 



r' 



□3-1, Does the sighting bar ^till line up with the object after 
the range finder is moved? If not, what would you have to 
do MS line it up? 

□3-2. Suppose you were to move the range finder even 
closer to (he object along the sighting line. Predict what yo^ 
would have to do to align the sighting bar. ^ 

Perhaps you are beginning to understand the principle upon 
which the range finder works. As the device is moved closer 
to an object, the angle between the sighting bar and the 
sighting line x:hanges. 

□3-3. Suppose the distance from the range finder to an 
object increases. In what way do you predict the angle be- 
tween the sighting Une and sighting bar will change? 

Test your prediction in question 3-3 by doing the next 

4lBvity. J , J 

Your teacher has chosen an object in your room and placed 
marks on the floor at distances from it of 1, 2, 3, 4, 5, 10, 
and 15 meters. 



Distant 
object 
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ACTIVITY 3-4. With small pieces of tape, attach a sheet of 
white paper to the range tinder as shown. Place the tip of 
a pencil Into the groove at the end of the sighting bar. Turn 
the bar to draw part of a circle. 

Sheet of white paper 




ACTIVITY 3-5. Place the range finder so that the sighting line 
rear bolt is at the 1-m mark on the floor. Line up the sighting 
line, and then the sighting bar, with the object. When you are 
sure the position of th^ bar is correct, make a mark on the 
circle as shown, and label the mark "1*" 




ACTIVITY 3-6. Repeat Activity 3-5 for distances of 2m, 3m, 
4m, 5m, lOmt and 15m. When your scale Is complete, it should 
appear similar to that shown. Label each mark. 



Sighting line \ 



2 ilfl 



{ — Parallel sighting WrCe 



/ 



5"- a 
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Practice using your range finder lo measure the distance 
to objects not more than 15m away. Check your measure- 
ments with a metcrsti<;k If they are inaccurate by more than 
Jm, repeat Activities 3-4, 3-5, ar^d 3-6 

□3-4. Was your prediction in question 3-3 correct? As the 
distance to an object becomes grea(ie*rwhat happens to the 
angle formed by tfie sighting bdr and the parallel sightmg 
line shown in Figure 3-2? 



Siyhting 

lilM 




FIguro 3-2 



Pamllei tlohtlng lino 
(parallel to the 
sighting line) 



Sighting bar 

□3-5. Suppose you lined up the sighting line and the sight-- 
ing bar of the range finder in Figure 3-2 on an object a long 
way off (like a distant tree). Would you expect the angle 
between th^ sighting bar and the parallel sigb4iug line to be 
large or small? . • ' > , 

Check your prediction l?y using your own range finder. 
(Draw a parallel sighting line on your range finder iCrit will 
hdp you.) 

S<4ect two very distant objects, one of which is fairthcr away 
than the other^a distant tree and biiilding perhaps. Use the 
range finder to decide which of the objects is farther away. 

□3-6. Describe any probleins you had ia deciding which 
otject was farther away. J ^ ' i ■ ^ 

Well, by no>y you should have a^good understanding of 
how to use the range finder. It seems to work fine on ^ort 
distances but not so well for distances beyond about 15 m. ' 
This may limit its. usefulness for measuring great distances 
like the (distance to the sun. See if it will. 
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Sal (My Nul t..» : H(nMu>-.<' oi" [ \\v (larhj<M <*>l locikjiKf .it tlu* sun 
tliiuctly, you uiuiit c:h<uu|*^ slit^htly your m<M hod <w siqhlin<|. 
Mistt>.i<i i^\ liiiMwi np holt*;, yoii will try to I i nr up t !io sIkuIoVv- 



Shadow 



Shadow 



ACTIVITY 3-7. Set the range finder In a patch of sunlight so 
that the shadow from the front bolt falls directly along Ihe 
sighting line. 




ACTIVITY 3-8. Without moving ttiB pegboard, move the sight- 
ing bar until the shadow from its front bolt falls directly along 
the bar. 




Shadow 



I 

ir:r 




f 

si eh 
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□3-7. From the position of the sighting bar on your scale, 
what d^n-you say about the distance to the sun? 

Clearly, you have a problem. There seems to be a limit 
to the distance you can measure accurately with your range 
finder. 

One variable that limits the distance that can be measured 
is the length of the range finder's base line. 



4<D 




n3-8. Suppose you IcnglhcnccI (lie base line. How would 
this affect the greatest distance you can measure with your 
range finder'.* 



PROBLEM BREAK 3-1 




Design an experiment to lest the prediction you made in 
question 3-8. In your Record Book, describe what you wyuld 
do and what^measuremej^ts you would make. Check \Vith 
your teacher and then do the experiment. Record your results 
and conclusions- 



From your experiments, it should be dear that two varia- 
bles limit the greatest distances that can be measured by your 
range finder. The firsL-is^ the length of the base line. The 
second is the size of^e smallest measurable, angle between 
the sighting bar af^& the<^ parallel sighting line (the sighting 
angle). , , 

□3-9* In Figure 3-3, how would increasing the base line 
.affect the size of the angle between the two sighting lines? 



Figure 3*3 




C^ect 
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Astronomers could make sighlinjis from iwo observatories 
that are hundreds or even thousands of miles apai t. Figure 
3-4 sliows how this can be done. 



□ 3-10. If you switched from a simple range finder to the 
system shown in Figure 3-4. what effect would this change 
have on the angle? 



Figure 3-4 
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Modern instruments can^ measure angles of less than 
1/1000 of a degree. To increase the base line, sightings of 
the sun can be made from widely spaced observatories. But 
even then, the angle turns out to be too small to measure 
accurately. Unfortunately, the range finder just can't do the 
job. You mustiind some other way to measure the distance 
to the sun. In the next chapter,, you will search for a new 
approach to the problem. 

Meanwhile, you might like to know that the distance to 
the moon has been measured by the range-finder method. 




lERLC 



The average distance to the mo^n is about 240,000 miles. 
Knowing ihe^distance to the moon makes it simple to t\ml 
the size (diameter) of the moon. 

If you would like to measure the diameter of the moon. 
Excursion 3-1 will show ^ou a method that is simple. All , --^ J ^ , H I 
you need is a full moon, some time to sit still, and a watch. 

Before going on; do Self-Evaluation 3 In your Record Book. 

r — ' ^ A 




Ik 
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Measuring the ' Chapter 4 

Distance to the Sun— 
Another Approach 

/ ■ 

Some years ago, scientists discovered an interesting way to 
locate objects at a distance— the use of radar. Using radar, 
they could get good measurements of the distance to the 
moon and to some of the planets. They found, for example, 
that the planet Venus, when closest to the planet Earth, is 
about 26 million miles away. If you are interested in more 
information about using radar to measure distances, see Ex- 
cursion 4-1. 

The measurement of the distance to Venus has proved to 
be useful. This distance can be used in determining how far 
the sun is from Earth. Let's see how. 
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Figure 4-1 shows how the range finder that you used in 
the last chapter works. lake a close look at the ligure; then 
answer qucsyon 4-1. 



Sighting line 



Ltno of sight 



Oblect 



^9 



Sighting bar 




Sighting angle 



Parallel sighting lin^ 



Figure 4*1 



Hgure 4-2 



□4-1, Why can't the range finder you used in Chapter 3 
measure large distances? 

Ev^^ the distance across Eartli is tocysmall a base for the 
range-finder method to be used to measure the distance to 
the sun. But suppose you could use the distance from Earth 
to Venus as a base line (Figure 4-2). 

□4-2. Do you know how long this base line from Earth to 
Venus is? 

□4-3. What other problems would there be in using the 
scheme diagrammed in Figure 4-2? 



Sun 




Obviously, you can't easijy get. to Venus to make a sighting 
of the sun. This alone makes the plan shown in Figure 4-2 
impdteible But there is another way to make use of the 
distance between Earth and Venus. It requires that you tirst 
drawf a model of the^position of Venus in relation to Earth 
and the sun. Columri 2 of Table 4-1 and the actiwH^es that 
follow will h^lp you do this. Column 1 lisLs the assumptions 
you are making as you draw your model. 



J 



V 
« 



ible 4-1 



Assumption 


lifl'ect on Drawing 


1. Thc^un is the center of the solar 
system. 


I, Show sun as center of drawing. 

^ ^ 


2. Earth and Venus are planets re- 
volving around the sun. 


2. Venus and Earth can be shown as 
moving around thf center (sun). 


• — — " 

3. Venus and Earth move m the 
same plane. 


3. Both Earth and Venus can be 
drawn on flat paper. 


4. Both Venus and Earth move in 
roughly circular paths (orbits). 


4. Show orbits as circles. 



5. Venus is closer to the sun <han 
Earth is. 


5. Venus' orbit should be drawn 
smaller than Earth's orbit. 



Earth's orbit 



ACTIVITY 4-1. In the space provided In your Record Book, 
use a compass to draw two circles as shown. Label the sun 
and the two prblts, 

ACTIVITY 4-2. Place a bean anywhere on each of the two 
ciccles you've drawn. These wljl represent Earth and Venus. 
Place another bean In the center of the circle to represent 
the sun. 
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\ • . 

Now. use your model- the beans and circles — to study the 
relative motions of Venus and Larth. lo do this- you will 
have to add two more assumptions iO your list; 

1. Earth travels completely around its orbit c^ice every 
3651 days. . , . 

2. Venus takes 225 days to make one cobiplete revolution. 

nn4-4. Suppose the planet Earth you just placed in orbit 
made a complete turn around the sun. How far would Venus 
have traveled in the same time? (Answer by drawing th^ new 
position of Venus in Figure 4-3 of your Record Booky) 




Earth herj on day 1 
and day 365% 



Figure 4-3 



•J 



□ 4-5. Does Venus travel fastei", or slower, than Earth as it 
movei around the sun? I 

The last activity gives you an idea of what the paths of 
Venus and_. Earth are like. Your next problem is to visualize 
what the inotion of Venus would look like from Earth. Once 
~^ain, your model can help you.^ j 

AQTIVITY 4-3. Arrange the beans as shown. 
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Unless the three beans are perfectly4ined up, you ean think^ 
of them as three points of^a triangle.- " . 





Move Harth atul Venus beans to other points along their 
circular orbits. Notice that the three beans always form a 
mangle (except when they are lined up). (Sec Figure. 4-4.) 



Figure 4-4 




Imagine yourself standing on Earth looknlg at Venus ^ajid 
the sun. Activi^ 4-4 will help you visualize this. ^ 

ACTIVITY 4-4. Look from behind the bean representing Earth ^ 
.along the paper toward the sun and Venus. 




□4^. What measurement! couldWou make to descnbe the 
position of Venus with respect to the sun? 

Quesuon 4-6 may not Have^been too easy. The angle 
formed where line EV <the line of sight from Earth to Venus) 
crosses line ES (the line of sight from Earth to the sun) can 
be used to describe the position of Venu^-with respect to 
the sun. 
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ACTIVITY 4-5. Experiment by moving Earth and Venus until 
you find the position at which the EV-ES angle is greatest 




□4-7. When would the EV-ES angle be the greatest?^ 

□4-8^ What number of degrees are there in the greatest 
possible EV-ES angle? ^ 

Q^^. When would the EV-ES angle be the smallest? 



You should have seen that the greatest EV-ES angle occurs 
when the line of sight from Earth to Vaius just touches, but^ 
does not cut, the orbit of Venus. (See Figure 4-5.)% 




ACTIVITY 4-6. Irt the space provided In your Record Book, 
draw a dJagram ot Earth's orbit the same size as you did for 
Activity 4-1. But this time, draw the Venus orbit a different 
size than before, keeping It smaller than Earth s. Again find 
the greatest EV-ES angle and measure It with a protractor. 

□4-10. How many degrees are there in the greatest possible 
EV-ES angle this time? 

□4-11. Does the greatest EV-ES angle occur again where 
the Earth-Venus line just touches, but ^es not cross the orbit 
of Venus? 

^ Figure 4-6 | 



Venus 



Sun 




Measuring the re>l-EV-ES angle is easy (see Figure 4-6), 
Astronomers have found that the average greatest EV-ES 
anglc^is 46,de^ees. This figure can be used to find the dis- 
tance from Venus to the sun. 

But what does that have to do with measuring the distance 
from Earth to the sun? That was the question that started 
this discussion of EV-ES angles. 

ACTIVITY 4-7. In the space provided In your Record Book, 
draw a 15-cm diameter circle to represent the orbit of ^arth. 
Draw In an Earth-sun (ES) line as shown. 





ACTIVITY 4-8. Using your protractor, draw In the Earth-Verlus 
(EV) line lor the largest EV-ES angle (46 degrees). 



Earth 



From your earlier work, you know that the orbit of Venus 
must just touch, but not cut, this EV line. 




ACTIVITY 4-9. Using a compass, draw the orbit circle for 
Venus. ReiT^ember, the circle should just touch, but not cut, 
the sighting line. At the exact point where the slglitlng line 
touches Venus' orbit, make a small dot and label it ''Venus«** 



Earth 



^ The drawing you just made is a scale drawing of the actual 
orbits>of Venus and Earth. It can be used to detei'mine the 
distance from Earth to the sun. Before you do this, however, 
be sure you know what a scale drawing is by doing the 
following checkup. 



1 




width 



Scale: 1 cm = 4 ft 



CHECKUP ^ 

i 

Here i,s a scale drawing of a packing crate. ^ 

1. How high (in feet) was the crate from which the scale 
drawing was made*? ^ 

2. How wide (in feet) was the actual crate? 

CHeck your answers to this checkup on page 89 of Excur- 
slon 4-3. 

Q4-12. Measure on your scale drawing from Activity 4-7 the 
distance between Earth and Venus when they are closest 
together. This will be when Earth, Venus, and the sun are 
lined up, and the EV-ES angle is 0 degrees. (See art in 
margin on the next page.) Recojfd this distance (in mm) on 
the bottom line of Table 4-2. 
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The distance you just measured in millimet^s represents 
26 million m^es (^ee Table 4-2). ^ 




□4-13. By your scale, how many miles are represented by 
each millinuMcr? 





On Scale 


Actual 




Drawing (mm) 


(nulcs) 


Distance troin Vchus U) ihc sun 






Distance from Earth to the sun 






Smallest distance between Earth 




26 million 


and Venus 







□ 4-14. Using your scale drawing from Activity 4-7, measure 
(in millimeters) the distance from Venus to the sun and the 
distance from tarth to the sun. Record your measurements 
in Table 4-2. 




You now have enough information to complete the prob- ^ 
lem you started at the beginmng of Chapter 3. From the 
data in Table 4-2 and your scale, you can calculate the dis- 
tance of the sun from Earth and also the distance of the sun 
from Venus. 

□4-15. Calculate the distance in miles from Venus to the 
sun and from Earth to the sun. Record the results of your 
calculations in Table 4-2. 

A good check on your work is to see if the sum of your 
actual Venus-to-sun distance and Earth-to- Venus distance 
equals the Earth-to-sun distance. If the calculations of ques- 
tion 4-15 proved difficult. Excursion 4-4 will help you. 

If you've done your work well, you now have the informa- 
tion you set out to find at the beginning of Chapter 3. You 
now know the distance from Earth to the sun. Using methods 
not too different from yours, astronomers have, found the 
average distance from. Earth to the sun to be roughly 93 
million miles. Do your results agree? 

Before going on, do Self-Evaluation 4 In your Record Book. 



y 

Table 4-2 



26 million 
miles 



I Sun 




Venus 



Angle = 0' 



Earth 
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How Big Is the Sun? 



Chapter 5 



If at first you don't succeed, try, try again. That's the way 
the old sabring goes. Your first try at measuring the distance 
to the sun wasn't successful. You couldn't get a base line 
that was long enough to use tbe range-finder method. So then 
you tried another approach, using the radar distance to 
Venus. This time you got the job done. 

In this chapter you wiU try to make another measurement 
of the sun. This time you will try to find out how far it is 
across the sun. Obviously, measuring the distance across an 
object that is 93 million miles away is a bit more complicated 
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than )iist lavinj: a ruler next to il. But with a little thought 
the job can be done fairly easily, lo niake your measure- 
ments, yt>u and a partner will need these materials: 

1 eardboard si^'hiing scope witli frosted acetate screen 
1 piece cardboard, 13 cm x -0 cm with 1 crn^ hole 
1 150-watt bulb and socket 
1 meterstick 

If the sighting scope has not been assembleci. Activities 5-1 
through 3-4 show you how to construct the sighting scope. 
To do this, you will need: 

1 telescoping cardboard tube, 40cni long with end caps 
1 piece of thin cardboard, 4 cm^ 
1- piece frosted acetate, 4 cm^ 
1 pair scissors ^ 
1 sharp pencil 

ACTIVITY 5-1 . Remove the smaller cap from the cardboard 
tube. With a sharp pencil, trace the outside of the tube on 
the 4 cm X 4 cm piece of cardboard. Cut along the lines to 
form a disk. 



ACTIVITY 5*2. Make a smooth pinhole in the center of the 
cardboard disk with a large needle or pin. Place this disk in 



the cap and replace the cap on the tube. 



4 




Hole 




4 



Prcpve an acetate disk to fit in the larger cap. 

ACTIVITY 5-3. Be sure you use a well-sharpened pencil to 
mark off 1/2-<:m squares on the frosted side of the acetate 
disk. This must be carefully done. Place this disk in the tut>e 
cap, with the frosted ^ide out. (Your frosted acetate disk, by 
the addition of the grid lines, has been made into what is 
commonly called a screen*) 



Vk-cm squares 




Fro9tod 
side out 



If the cardboard (13 cm x 20 cm) witti the 1 cm^ hol^is 
available, skip to Activity 5-5. 

ACTIVITY 5-4. Mark off a 1-cm square on a 13- x 20-cm 
cardboard sheet in the position shown. Place It on something 
flat that can be used as a cutting surface. With a razor blade, 
romove the square, leaving a hole in the cardboard. 




ACTIVITY 5-5. Tape the 13- x 20-cm cardboard In front of the 
light bulb as shown. Be sur^ the brightest part of the bulb 
Is lined up with the square hole. 

For what follows, you will need a level space behind the 
vbulb of up to 3 ft and about 2 ft in front of the bulb. 




l-cm square hole 



Board taped 
to socket 
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ACTIVITY 5-6. Support the tube on books so lhai It Is level 
and pointing straight at the square hole. Have the tube at lt» 
shortest length (small tube pushed in all the way). Gradually 
move the light bulb and cardboard away from the tube until 
an Image of the square hole just fills 1 cm- (4 squares) on 
, the acetate screen. 

Tube at its 
shortest length Acetate 
screen 



Hole 




Figure 5-1 



Image on 
frosted screen 
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□ 5-1- What 1.S the distance (in cm) from the pinhole to the 
square hole in the card? 

[15-2. What is the distance (in cm) from the pinhole to the 
screen (the length of the cardboard tube)? 

If you have made careful measurements, you should have 
found the distance from the pmhole to the screen to be about 
the same as the distance from the pinhole to the square hole 
in the card. 

Now move the cardboard with the square hole away from 
the pinhole until only one square on the screen is filled with 
the image. (See Figure 5-1.) 

□ 5-3. Now what is 4he distance (in cm) from the pinhole 
to the square hole?. 

The new distance you just measured should be about twice 
the distance from the pinhole to the screen. 

p5-4. How many times bigger js the distance across the 
square-hole in the cardboard (1 cm) than the distance across 
the image (^ cm)? 

Perhaps you are beginning to see sonie relationships here. 
The distance from the pinhole to the screen and the siie of 
the image that forms arc related. Although you may not see 



5,9 
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how as yet, you can use this iflatioiiship to measure the si/e 
of a bright object such as the ISO-watt bulb. Let s see how 
this can be done. 

Here's the relationship you need. , 

Distance across the obj.ect 

Distance froin the, object to the pinhoje 



~ Distance from the pinhole to the screen ^ 

Here's an example of how the relationship can be used 

The distance from the pinhole to' the square hole in. the 
cardboard is 84 cm. The distance from the pinhole to the 
screen-'Ohe length of the tube) is about 42 cm. The width 
of the image on the screen is ^ cm. All of this is shown in 
Figure 5-2. 



X distance across the iinag<i». 




Distance across the 
square hole 



^ ^"^ X distance across 
8^ X ^ cm 



42 cm 



= 2 X i cm 
= 1 cm 

Now check to be sure that your answers to questions 5-1, 
5-2, 5-3, and 5-4 fit the relationship. For example, in order 
for your answers to 5-1 and 5-2 to fit, they must be equal. 
This is because the object and image width are the same 
size at that setting. 



Figure 5-2 





l ipure 5-3B shows how you can .calcuhilc the distance 
across the sun m the same way thai you just calculated the 
distance across the hole in the cardboard (1 i^uire 5-3A), All 
you need do is set up the sighlnie sc^^c so that the pinhole 
faces the si^V, When the scope is lined up, the sun's miage 
will fall on the screen. 



ISO-watt 
bultv 

\ 



Cardboard 
with hole 





Hole 



Acetate 
screen 



Distance A 



1 



. Distance B - 



Figure, 5-3 



Sun 

'6 



Acotate 
screen 



Distance A 




Image of 
square hole 



B 



Image 
of 8un 



Safety 

sun. 



Once youVe formed an image of the sun, you can ^et 
everything needed to calculate the distance across die sun 
by using the relationship. You ve already measured the dis- 
tance from the sun to the pinhole -93 miihon miles. Thus:* 



the sun 



pistahce across 

93.00Q.000 miles 
Kst^nce from pinhole to screen 



X distance across the image 



Now^u need to measure the width of the image on the 
screen. . \ 



ACTIVITY 5-7. Point the pinhole end of the tube directly at 
the sun as shown. 



fER?C 





ACTIVITY 5-8. Pull the two sections of the tube apart until 
a sharp Image of the sun forms on the acetate screen. DO 
NOT LOOK DIRECTLY AT THE SUN. 




ACTIVITY 5-9. Adjust the tube until the image of the sun just 
fits Inside one of the small 1 /2-cm squares on the screen. 
It should Just touch the four sides of the square. Measure the 
distance from the screen to the pinhole. 

□ 5-5. The distance from the pinhole to the screen is how 
many cm? 

Now you have vail t^ data that you need to calculate the 
distance across the sun by using the relationship. 



Distance across 
the sun = 



93,000,000 miles 



Distance from pinhole to screen in cm 



X ^ cm 



□5-6. What is the distance across the sun in miles? (If you 
make the calculation shown above, your answer w^JI auto- 
matically cpme out in miles because the centimet<frs cancel 
out.) V,. 

t 

- You may Have been surprised to learn how large the sun 
really is. Its diameter is greater in fehgth than the diameter 
of the moon's orbit around the earth. More importantly, 
though, you should be beginning to realize that with careful 
thinking and a few measurements and calculations, astr(mo- 
mers can provide answers that at first seem almost impossible 

to get - ' 

If you would like to make yo\ir own telescope and get a 
good look at the moon, do Excursion 5-11 ^ 

Before going on, do Self-Eviiluatlon 5 In your Record Bpok. 
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- Image of sun 
on screen 
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The Fiery Chariot 



f Chapter 6 



One of the myths told in ancient times described the sun 
as a flaming ball carried across the sky in ^chariot drawn 
by four horses. Since you formed an imagi|of the sun on 
a screen in Chapter 5, you know that part of the myth is 
in fact true — the sun is a flaming ball. 




But does the sun move across the sky? To you, the answer 
is probably a solid No because you know that the earth's 
turning is what makes the sun appear to move. You may 
also know that proving this is not so easy. To someone stand- 
ing on the earth, the sun moving around an unmoving earth 
would appear the same as the sun standing still with the earth 
turning. A simple model can show:^tetKS!i^y. 
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ACTIVITY 6-1. In the space provided in your Record Book, 
draw a circle 18.6 cm across. In other words, the circle hat 
a radius of 9-3 cm, or 93 mm. 
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ACTIVITY 6-2. Cut out two cardboard circles about 2 cm 
across. Label one "S, " for the sun, and the other **E." for 
the earth. 



00 



ACTIVITY 6-3. Make a small dot at the edge of the earth. This 
fepresents a person standing on the earth's surface. 




ACTIVITY 6-4. Place the sun In tfie center of the circle you 
drew in your Record Book. Then place the earth on the circle 
as shown. Be sure that the "person dot" Is In the position 
shown. 

ACTIVITY 6-5. Stick the point of your compass through the 
center of the earth. You can think of this point ais the North 
Pole. 

Compass point 





I 



' G6-t: If you were the person >rf1inding on the earih in 

I Adiviiy 6 4, wouKl the sun aj>pear u> be overhead or on the 

horizon? 



ACTIVITY 6-6. Turn the earth around the compass point to 
th^ position shown, 

». 

□6-2. Wquld the sun appear to be overhead to a person 
standing at the dot? 

□6-3. How many degrees did you have to turn the earth 
to get the sun overhead? (Hint: If you have trouble with 
this question, see Excursion 4-2.) 



ACTIVITY 6-7. Keep turning the earth until It gets to the place 
i where, to a person at the dot, the sun would agj^n appear 

1 to be on the horizon. 

□ 6-4. Now how many -degrees have, you turned the earth 
from where it started (in Activity 6-5)? 

□6-5. If you had been standing on the earth at the dot, 
{ would the sun seem to have traveled across the sky from 

* one horizon to the other? 

] ACTIVITY 6-8. Check your answer to question 6-5 by repeating 

\ r Activities 6-6 and 6-7. Try to visualize wiiat a person standing 
at the dot would be seeing, it ^ay help to crouch down as 
shown. 



1 m 

□6^, If you were to keep turning the earth until it got back 
to where it started, through a total of how many degrees 
would it have turned? 

As you know, one complete turn of the earth represents 
one day, or 24 hours. ' 



6'6 



ACTIVITY 6-9. Now reverse the positions of the earth and tho 
sun on the circle. Be sure that the -person dot" faces upward 
as shown. 



□ 6-7. With the earth and the su;i in the position shown in 
Activity 6-9, wouia the person see thfe sun overhead, or on 
the horizon? 



ACTIVITY 6-10. Move the sun along the circle to a point where 
It would appear to be overhead to the person. Then continue 
to move the sun to a point whlre It would appear to be on 
the^ horizon. t 



C )6-8. How many degrees did you move the sun to make 
It appear overhead to a person at the dot? ^ . 

□ 6-9. How many degrees did you have to move the sun to 
make it appear to i^iove from. ope horizon toUhe other? 

Now thmk about what a person at the dot would have 
seen in the case of the earth turning, and in the case of the 
surt moving around the earth. In both cases, the sun would 
appear to move around the earth. In both cases, the sun 
woutd appear to rise from one horizon and lo set behmd 
the other! ... 

PROBLEM BREAK 6-1 

. How good an observer are you? You can tell by the answer 
you give to this question: Is the apparent path of the sun 
across the sky the same every day? 

OX course; the sun doesn't leave a trail m the sky so that 
you )an see any change m path. But there should be some 
Wiy that you could observe a change if there is any. In your 
Record Book, describe an observation that you coxild make 
with simple apparaimi that would show conclusively whether 
the apparent path of the sun across the sky is the same every 
day. If you decide that the path changes, give a short ex- 
planation of why this is so. 
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As was said earlier, it isn't so easy to prove that the earth 
Ls turning rather than the sun moving around it. Suppose 
the sun actually does move around the earth while the ^rth 
stands still. Because it is far away, it would have to Jsfeke 
a very long journey each day. It would have to travel Auy 
fast to make it in just 24 hours. You can get a good idea 
of the speed it must have to make the trip. You only need 
a few simple things. But you will have to have an hour of 
sunlight. 

If yJtt don't have a full hour ahead of you in this clas.s, 
read ahead to see what has to be done. Then plan a time 
when you can do the activity. If you have some spare time 
now. this would be a good lime tQ do Excursion 6-1 and (ind 
out about "The Night That People Lost 10 Days." No equip, 
ment is needed. 

Got a sunny day and a full hour? Then let's find out how 
fast the sun would have to be to go around the earth each 
day. Get the following items; 

1 lead sinker 

1 50-cm piece of string ^ . •» . 

1 protractor 

1 2-inch piece of masking tape or cellophane tape 
1 sheet of white paper 

Tie the string to the lead sinker. Make an X with your 
pencil in the center of the paper. Take everything outdoors 
or to a windowsill where the surt will shine for at least an 
hour. 

■ v.^ . # 

ACTIVITY 6-11. Tape your piece of paper to a flat surface In 
full sunlight. Then hold the 9inket.exa<ftly over the X you drew 
on the paper. Draw a short line along the shadow of the string 
on the. paper. Jot down the exact time. 



< 

\ 




String and sinker 



—-Shadow 



Tape 





Measure this angle. [ 
2nd mark 




1st mark 



Figure 6-1 



ACTIVITY 6-12. Exactly one hour later, hold the string as you 
did before, and once again mark the shadow. (Note: If you 
, do not have a full hour available, use 1/2 hour and double 
the distance of the 2nd mark from the 1st mark.) 

ACTIVITY 6-13. Take your paper back to your desk. With a 
ruler, draw straight lines from the X along each of the shadow 

marks. Measure the angle between the lines with a protractor. 

\ 

□ 6-10. How many ^legrees are iiMhe angle formed by the 
two shadow lines? 1 

Now try to apply what you have just done to the model 
you built earlier Figure 6-1 diagrams what would have 
happened if the person standing at the dot in Activity 6"- 10 
had-been holding a sinker as you did. ' ' 

Notice in Figure 6-1 that as^the sun moves^ the shadow 
of the string moves too. This sflggests that measuring the 
distance that the shadow moves in a given time could tell 
you how fast the sun would have to move. Let's find p 

it will. 
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1st measurement 




1 hour later v>m 

1 i .,\' 





In Activity ^1 you dicu a tiu lc uilh a laihus ol mm. 
This size was chosen to make your next set ot calculations 
easy. Think of a distance of* 93 nim as representing (he dis- 
tancc of 93 million miles from the earth to the sun. 

□ 6-11. How many miles does each mm represent? 

ACTIVITY 6-14. On the circle you drew In your Record Book, 
draw an angle like the one you measured In Activity 6-13. Use 
your protractor and a sharp, pencil. Label the angle as shown. 




□6-12. The distance between 1 and 2 shows how far the 
sun appears to travel in how long?. 

Using the distance betweten 1 and 2, you can calculate how 
far the sun would have to travel in one hour if it goes around 
the earth in one day. 

You can't mea"Sure a curved line -accurately with your ruler. 
But when the angle is small, the distance between two points 
along a curve is not too different from the distance along 
a straight line. This "means that you can use a. millimeter ruler 
to get a good estimate of the distance between I and 2. 



□$-13, What is the distance in mm from point 1 to poiat 2? 

□ 6-14. Using the scale you determined in question 6-11, 
what is th^istance in miles that the sun would have haTd 

to travel? ™ . ^ 

A. 

□6-15. What would its speed in miles per hour have to be? 



Your answer lo question 6-. IS should he a very large num- 
ber. In I'acl. the speed i,s many, nKyiv tunes greater than that 
of any satellite ever put into orbit. And it is far greater than 
the calculated speed of othei planets and most stars. 1 here- 
fore, the model that the sun moves around the earth each 
day is very unhkely, 

nM6. Can you thiak of a way to calculate how fast the 
earth is turning? (Hint; 1 he distance around the earth is 
25,000 miles.) 



PROBLEM BREAK 6-2 

Yo;i know that the apparent rising and setting of the sun 
is \:aused by tire earth's making one complete ^urn on its 
axis m 24 hours, You \now. that there are 360 degrees in 
a circle, or in one turn 6f the earth. Using this information, 
you can figure the number of degrees that the sun appears 
to travel in one hour. 
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What is the relationship between -the number of degrees 
that the sun travels m one hour and the time zones that we 
use? Ror example, .why \s the time in New Yorlt different 
from the time in Chicago, and the time in Denver diffei;ent 
from the time in Los Xngeles? Write your explanation in 
your Record Book. 
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You have seen that your daily observations of the sun do 
not teU you whether it, or the earth, is movnig. Beeause 
you've been told, you know that the earth is turning-ihe 
movement of the sun is' just an illusion. Even so, it is more 
comfortable to say that tlie sun is *'n<mg;' or "setting" than 
to say the earth is iurning. It feels quite natural and okay 
to say the sun moves across the sky. 

Many scientists of old thought man lived in a sun-centered 
system. Others claimed that the universe was earth-centered. 
To find out how Galileo resolved this debate, do Excur- 
sion 6-2. 

Before going on. do Self-Evaluation 6 In your Record Book. 



'ft 
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On Your Own 



Chapter 7 



At the beginning of this, unit, you set out to investigate the 
way astronomers get information about celestial objects- You 
now should have a pretty good idea of the way they work. 
By using sun-energy measurers (pyrheliometers) and photo- 
graphs of spectra, and by calculating angles, astronomers can 
make quite remarkable measurements. 

In this last chapter you will be given a chance to apply 
a few of the astronomers* techniques on your own. Your first 

investigation will help you wrap up your study of the sun. ^ 

Back in Chapter 2 you learned that the sun produces the 
same effect on your sun-energy measurer as does a 50-watt 
bulb held a few centimeters from it. However, you never 
really found out how many watts of power the sun has. 




iitii^rilth'iiiiiiMliici 
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To sec how you can measure its power, you need to think 
of the sun as. a greai bi^! light bulb 93,0()(X0(K) miles from 
the earth. ""To figure out how many watts that big sun bulb 
has, you need to know an important relationship. You need 
to know how distance inflects the amount of light coming from 
a far object. You have a big clue to that relationship from 
Chapter 2. (Do you know what power is? Look over Excur- 
sion 7-1.) 

In Activity 2-12, you found out the ellect of a 50-watt bulb 
on your pyrheliometcr. You placed the bulb 20 cm from the 
pyrhelioineier and observed a certain temperature change. 
In Activity 2-13, you moved the light socket to a distance 
of 40 cm from the pyrheliometcr. You then found out how 
many watts were needed to produce the same effect that had 
lieen caused by the 50-watt bujb at 20 cm. 

□ 7-1, How many watts at 40 cm produced the same effect 
on your sun-energy measurer as did a 50-watt bulb at 20 
cm? (See your answer to question 2-21.) 

/ ' * — "Tl i • 

{ ■ ^ ^ 
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□7-2. When you double the distance from the pyrheliometcr 
to the light source, what must you do to the total wattage 
of the bulb to keep the sun-energy measurer reading the 
same? 

If you did your arithmetic well, you now know how in- 
creasing distance affects the amount of light coming from 
.a source;. When the distance from an object to a light source 
is doubled, the power of the light source must be four times 
greater if the same amount of hght is to reach the object 
(See Figure 7-1.) 





2 X distance A 




Dislanco A 




4 X B watts 



R watts 



This relationship plus your earlier data is all that you need, 
lo know in order to measure the wattage ot the sun. lablc 
7-1 suggests one way to do this. 



Figure 7-1 



Table 7-1 



Measured Distance 
(Sample) 


— — ' '-^ 

Wattage 


10 cm 

20 cm ♦ 
40 cm 

80 cm { 
160 cm J 




50 
200 






800 
3,200 






12,800 




93 million miles 









The person who made Table 7-1 simply kept doublmg the 
distance an imagmary bulb was from a sun-energy measurer. 
To keep the light received the same each time, he kept 
multiplying the wattage of the bulb hy 4. If he were to keep 
doing this until the distance became 93 million miles 
(15,000,000,000,000 cm), he would have found the wattage 

of the sun. . , . 

If you have a lot of time to spare, you might like to try 
the approach taken in Table 7-1. Another way to do the same 
thing^ described in Excursion 7-2, "Using Squares to Meas- 
ure Distance." Although shorter, it involves slightly more- 
difficult mathematics- Use one of these two methods to cal- 
culate the sun's power in watts. If you decide to use the 
longer method described in Table 7-1, you may find the 
following check list helpful/ 

i Make two columns on a sheet; of lined paper. 

2. Label the left-hand column "Distance" and the nght- 
hand column "Wattage." 
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Figure 7-2 

Spectrum of ISCS-A 



3. At the top of the left Lohimn.^vvritc in the distance in 
cm (rom question 2- IK . of ("fs/ptcr 2. Opposite this 
number, m the rii'ht hand column, write ni 50 Watts. 

4. Double the distance ui the Iclt-hand column and write 
the new distance under the lirst. Multiply the 50 W in 
the right-hand column by 4. and write the new wattage 
(200) uridcr the 50. 

.5". Keep doubling the distance number in the left-hand 
column. L-ach time, multiply the wattage number in the 
. right-hand column by 4. 

6. Continue doubling the left-hand numbers until you 
reach 15,000,000,000,000 cm. In each case, multiply the 
number in the right-hand column by 4. 

7. The last number in the *ight-hand column, opposite 
15,000,000,000.000 cm, is the estimated wattage of the 
sun. 

□ 7-3. What is the wattage of the sun? 

Now you should tqst your ability to use some of the other 
techniques you have learned-. For the first exercise, you will 
be given spectroscope' data for two stars, ISCS-A and ISCS-B. 
Your task is to interpret this information to find out as much 
as you can about the .stars. From it, you should be able to 
sav something of the wa;^e two stars compare in composi- 
tion, distance, and po\yer. 

Figure 7-2 shows the spectra observed when the light from 
ISCS-A and ISCS-B passed through a spectroscope. It also 
shows the spectral lines of some common elements. Look 
at the spectra carefully. They and Tables 7-2 and 7-3 contain 
all the information you need to finish this first exercise. 






He = helium 
H = hydrogen 

Ca = calcium 



He 



He H H 

Spectral Lines of Selected Common Elements ^ 



He 



Ca Ca 



/ 



Table 7-2 



Distance irony the 1 arrh 



IS(. S-A M).(KM).()(K).()()().l)()() milcs/Di H.()()(Un)().()(K),(M)0.i)OO.pl)0 cm 
ISCS-B 25.(K)0.(KK).()()().(KK) nulo. or 4.(XKMK)(MHK),(KKMK)()^)0y cm 



Energy Data 



Sun-tncrgy Measurer Reading 


ISCS-A 


19.9° C 


ISCS-B 


34.6° C 


Reading in shade 


5.2° C 



Table 7-3 



• □7-4. In your Record Book, record yduv conclusions about 
the two stars. Then give a brief explanation of the way you 
reached the conclusions. 

' Your written discussion should include a comparison of- 
the two stars in terms of their power and the t^lements they 
contain. Try to get other information about the two stars if 
you can. you will probably want to review Chapters K 2, and 
7 as you do this activity. 
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MEASURING 
THE DISTANCE 
TO MERCURY 



MEASURING 
THE SIZE OF 
MERCURY 
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Your next pri)hkrm is U) dcicmunc the slu)rtcst distance from 
the carih to the planet Mcrcurv. ^ou can use a procedure 
similar to that used in Chapter 4 \o find the distance to the 
sun. You may assume that the earth and Mercury both move 
around- the sun m circular orbits. You know that t^e earth 
IS approximately ^^3 million miles trom the sun, and that tl 
maximum .sun-eaith'-Mercuiy angle is 28°. 1 igure 7-3 illu?" 
trates this. With it and the data given, you should be able 
to solve the problem. Make your observations and record 
your lindmgs in your Rccoid Book. 

[17-5. Record your calculation of the shortest distance from 
Mercury to the earth. 

Figure 7-3 



Earth 




Every few years the sun, the earth, and Mercury line up 
perfectly, with Mercury between the sun and the earth. This 
is shown in Figure 7-4. 

Figure 7-4^ 



Earth 




Whci his happens, astronomers cati photograph Mercury 
as it passes across the face of the sun. This is called a transit.' 
Such a transit was observed in 1970, and there will be another 
in 1973, in 1986, and ii) 1993. Figure J-5 shows Mercury 
crossing the sun. . . * - 




Figure 7>5 



Perhaps you see how this information can be used to de- 
tcraiine the diameter of Mercury. 

Suppose, during a transit of Mercury, the apparent size 
of the .^anet was measured to be .^ife as wide as the sun thit 
it was cflS^sing. Find the diameter of Mercury, using the 
following data you have already worked out: 

' I. The distance to the sun— from Chapter 4 

2. The size of the sun— from Chapter 5 

3. The nearest distance from the earth to Mercury— your 
answer to question 7-5 

□7-6. Record the diameter of Mercury in your notebook. 

For lack of time and better equipment, you have-not useit^ 
to the fullest the measuring -techniques you've learned. By 
looking at spectra, astronomers can determine such things 
as the speed of moving 'objects, as well as their temperature ^ 
and composition. Mathematics can be used to produce many, . * 
many other kinds of distance measurements. 
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Most people think ol astiononiers as constantly looking 
throu*r.h bit: telescopes. Altlu>u^'li the telescope is certainly 
nnportanl for iiatherinji infoinuition about stars and planets; 
it is by no means the astronomer's only tool. In recent years, 
new ways of studymj: the heavens have been used. Not long 
ago, for example, ii was discovered that some stars and 
groups of stars give olf radio waves. By studying these waves, 
radio astronomers arc locating objects that were unknown 
only a few ycafs ago. * / 

If you've done your work well you now realize that ^lot 
of work involves only a pencil, a piece of paper, and, most 
importantly, a lot of hard thinking. Of course, a computer 
comes in handy. 

Before going on, do SelNEvaluation 7 in your Record Book. 
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Excursions 



Do you like lo lake trips, lo try sonieihiiig dfircrciii. to sec 
new things'^ Lxeursions can give you the chance. In man\ 
ways they resemble chapters. But chapter.^ carry the main 
story line. Excursions are side trips. They mav help you to 
go further, they may help you go into diU'erent material, or 
they may just be of interest to you. And some excursions are 
provided to hclp^ you understand difficult ideai. 

Whatever way you get there, after you finish an excursion, 
you should return to your place in the text material and con- 
tinue with your work. These short trips can be interesting 
and different. 



(^2 
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Those Strange 
Dark Lines 



Excursion 1-1 




i 

J 



Your- work in Chapter 1 introduced you to bright-line spectra. 
Now perhaps you*d like to meet the black sheep of the 
spectral family. If so, staA right in. 

^ Safety Note: Reiueml->er not to look directly a,t .the sun as you 
.do the acrtivities that follow. 
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ACTIVITY 1. Once again, use the spectroscope to study a 
brJgtit spot of sunlight reflected from a piece of white paper. 
Look very carefully to try to locate a few dark lines In the 
spectrum. Do not Jook directly at the sun. 



Sunlight 
/ / 

/ / 
/ / 
^ / 
/ / 
/ 



□ 1. In the space provided in your Record Book, sketch any 
dark hnes you observe,' (If you don't see any lines after 
linking very closely, leave the space blank.) 

Did you have difficulty seeing the dark lines in the spec- 
trum of the sun? Don't feel too bad. Not only did some of 
the great scientists in the past not se^ the lines m the suiif's 
spectrum, but some who did sec the lines disregarded them. 
For example, one good scientist thought they v^ere merely 
the boundaries between the various colors. 



Joseph von Fraunhofer 





The dark lines that cross the spectrum of the sun were 
first investigated by l iaunhoter \u 1814. He measured but 
couldn't explain the positions of a jireat many ot them The 
lines are now called Fraunhofer lines in Fraunhotcr's honor, 
but their explanation was the product of another great scien- 
tist, Kirchhotr. 

It was found that these dark lines on the spectrum were 
in exactly the same position as the lines in the bnght-line 
spectra of certain elements. The dark, hues are believed to 
be caused when light from the sun's surface passes through 
the gases in the atmospheres of the sun and the earth. Fig- 
ure 1 shows a comparison between the two kmds of lines. 

The spectrum of the light from the sun has been photo- 
graphed, and the positions of the dark lines noted. These 
lines have been compared with known spectral lines. In this 
way the astronomer has been able to predict what elements 
the atmosphere of the sun contains. 



Figure 1 




Fraunhofer lines in 
sun's spectrum 



Bright lines In 
^® helium spectrum 




Blight lines in 
hydrogen spectrum 



•You can do a simple experiment that will let you see the 
Fraunhofer lines of the element sodium. You will need the 
following equipment: ' 

3 pegboard backs ^ 

1 nichrome wire, 10 cm long 

1 petri dish 

1 alcohol burner 

1 spectroscope 

1 smMl container of water ' ^ 

1 150-watt bulb in parallel-circuit receptacle 

1 small pinch oj NaCl - • SG 
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(12. In the space provided, diaw Vi>ur piedicted position of 
the iiixfk lines ol the Na spectiuni. (Hint: What did you iind 
lor the bright-line spectrum?) 

Figure 2 l ake your equipment to a place where the bulb can be 
plugged in. F igure 2 below shows how the bulb, alcohol 
lamp, and s^^cctroscope will be arranged after you have 
completed Activity 3. A corner formed with two pegboards 
and a third placed on top serves as a shield for the light. 




\ 



iSO-watt bulb Lj: 



/ > 




60 cm. 



ACTIVITY 2. Plug In the 1 50-watt bulb. Support thfr spectro- 
scope with books. Adjust the height of the books so that the 
spectroscope is pointing straight at the bright part of the bulb. 
The bulb should' be about 60 cm from the closer end* of the. 
spectroscope. 
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ACTIVITY 3. Turn off the 150-watt bulb. Place the alcohol 
burner close to the end ol the spectroscope. Dip the nichrome 
wire Into water and then into the NaCI. Then hold* It In the 
flame, avoiding the wick. You should see the yellow sodium 
lines clearly through the scope. Adjust ^he height of the burner 
if necessary. 



S7 



Nictirome 
wire 



Alcohol 
NaCI lamp 



After you have completed Activity 3, you should be able 
to see the bright continuous' spectrum from the bulb when 
it is turned on, and the bright yellbw lines Jrom the NaCl 
flame when the bulb is' oft', without having to move the 
spectroscope. Make the necessary adjustments until you can. 

ACTIVITY 4. Twist the end of the nichrome wire so that It will 
hold more salt (NaCi) in thejiame. Dip it into water to moisten 
It and then into the NaCI. 



i 



Nichrome wire 




ACTIVITY 5. Turn on tBe light Light the alcohol burner. While 
you are looidng through the spectroscope, have a helper put 
the nichrome wire with the NaCI Into the flame. Lopk at the 
•pot wher^e bright -yellow lines appeared before. 

. Nichrome' 




( J3. In the space provided in your Record Book, describe 
what you see. 

If the observations are carefully made, and the lamp, 
flame, and spectroscope are lined up properly, the dark 
I^raunhofer lines should appear where the bright lines were 
before. 1 he sodium (Na) vapor in the flame subtracts the 
yellow lines from the specj^rum of the bulb, I 'raunhofer noted 
that the measured positions of the dark lines were exactly 
the same as the bright lines of many of the elements in a 
flame. 

□4. How did your findings compare with your prediction 
in question 2? 



V 
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Energy at Work 



Excursion 2- 



Whenever possible, scientists use«c>perational Uefinilions in 
describing things they study. For example: 
A scientific operational definition for work is 



WORK = FORCE X DISTANCE 




Answers to Checkup 

The correct answers lor the 
Checkup are 1 c; 2 b, d; 3 b, 
C d; and 4 a, c. Notice that 
some questions had more than 
one correct answer. II you 
mlssAd any ol these, or II you 
checked any ol the other 
choices, do this excursion be- 
fore going back to Chapter 2. 



According to this definition, Iggy (above) is doing work 
if he does two things; ' ^ 

1. Apf lies a force to the box, and 

2. moves^e box some distance. . 

> Someho^Iggy has the ability i/b do work. This ability can 
be thought^f as' something present in him. We'll call it 
energy. The scientist, b^ing precise, wants a more accurate 
de^on of energy. He says, "Energy caiv do work." 

^0 
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The scientist's definition of energy has an interesting result. 
1 here are different kinds of things that can do work. There- 
fore, energy must exist in different forms. 

For example, elecincal devices (1) can do work; therefore, 
electricity is one form of energy. 

Heat (2) also can be use^ in doing work. It, too, must be 
energy. 

Light (3) is considered as another form of energy because 
it can do work. 

Still other forms of energy exist." Chemical energy is an 
example. 

You know from your own experiences that energy can be 
transferred from one place to another. Light, for example, 
travels to the earth from the sun. A hot object next to a cold 
one loses heat to the cold object. Electricity can move from 
a power plant to the lamp on your table. ' 

□ 1. Give another example of the transfer of energy. 

Remember, too, that energy can be changed fronj one form 
to another. For example; 

Light can be changed to heal. 

Electricity (4) can be changed to light and heat 

Heat (5) can be changed to light 

□ 2- Can you give an example of heat being changed 'to 
electricity? ' 

□ 3. Can chemical energy be changed to electrical energy? 

n*. Give an example or two of how energy. causes a change 
in mailer. 

When these changes in mailer occur, and when one form 
of energy changes to another, no energy is lost or destroyed. 
Energy may be absorbed, released, changed in form, and 
spread around, but it i& always, somewhere— it is always 
conserved. Scientists refer to this fact as the conservation of 
energy. s 
Return now to Chapter 2. ' 



The Moon's ^bxcunston 3-1 

Measurements 



During the 1968 Christmas holidays, the world was thrilled 
by the successful orbiting of the moon by three American 
astronauts. Of course, since then, several men have walked 
on the mooiVs surface. However, the first humans to get close 
to the moon's surface,, astronauts Borman, Lovell, and 
Anders, were in an excellent position to measure the size 
of the moon. 

Eyen though you are a long way from its surface, you too 
can measure the diameter of the moon. And you can do it 
almost as accurately as could the astronauts. All you need 
is a clock and the ability to visualize the motion of the moon 
with respect to the earth. Pigure 1 will help you do this. 

\ ^ . Figure 1 




How do you calculate 
the distance around 
the mooirs orbit? See 
the last part of this 
excursion. 



Notice that thj^liiiuic icininds you of two important as- 
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Moon 



Moon 





Figure 2 



sumptions. Kccjrthcsc iti mind as you proceed. 

i it is asumed that the m(H>irs orbit is a circle, 1,'>{)(),000 
miles around. I he earth is placed at the center of that 
circle. 

2. The earth turns at a constaait speed. 

As you niav know, aslronoineis have shown that, /these 
assumptions are not completely accurate: They arc close 
enough, however, to let you make the measurements you 
need- 
On a night when the moon is full and the weather is clear, 
watch the mwn for a few minutes. If you look carefully long 
enough, you will notice that the moon appears to move in 
the sky. If you know your directions, you uiay even notice 
that it moves from east to west. Look at Figure 2 and do 
some thinking. 

The apparent motion of the moon is influenced by two 
things: (A) the turning of the earth, and (B)^ the moon's 
movement in its orbit. 

Astronomers have found that most of what appears to be 
the motion of .the moon is due to the turning of the earth. 
In fact, it is reasonable to assume that when you view the 
moon for only short periods of an hour or so, all the motion 
observed is due entirely to the earth's turning. You will as- 
sume this to be so^ as you make the observation called for 
in Activity 1. ' * 

Your first problem will be to -find out how fast the rtloon 
appears to move. Since. doing this may take an hour or so, 
you'd better start your work fairly "early in the evening. 

ACTIVITY 1 . Line up the top of the moon with a power line or 
telephone wire. With your head resting against some object 
to keep your eye steady, time the movement of the moon 
across the wire. Record the time In minutes as your answer 
to question 1. 

Do not move 
your head."^ 




□ 1. How inany nunuies did it take the moon to pass across 
the wire? 

■ Your answer to question I is a very interesting measure- 
ment. I'igure 3 may help you figure oUt what it means. 1 lie 
drawing is based upon the assumption tliat the earth'.s niotu)n 
makes the moon appear to move. 

.figure 3 

*** Position of wire a%j 
start of timing 



1 moon diameter 




Position of wire 
at end of timing 




The rotation of the earth moves the wire and oljserver to 
new position with respect to the moon. Since the observer 
thinks he is motionless, he naturally -believes the moon ha5 . 

moved. - ^ 

. " * < 

□2. In question 1, yoi;^recorded \Jie miriUtes it takes- for 
the wire to sweep^ across one moon diameter. How many 
minutes did this sweep -take? f 

□3. How many minutes does it take the darth to make one 
complete rotatjpn? ^ ^ 

□4. How many moon diameters, would a telephone wire 
sweep across in one lull day? (Hint: You know the time 
needed to sweep across on^ moon diameter. You also know 
how many nvinutes there are in one full day.) 

You.now have enough information to calculate the moon's 
diameter. Your answer to question 4 tells you how ^ahy 
moon diameters there are in one moon orbit. Figure 4 illus- 
trates this. * K . 



FigO^e 4 




Moon o/t>it 




You also know ihc length in miles of the moon's orbit 
(1.5()0.0(K)). I he following relationship allows you to make 
the final calculation. 

Diameter of Length of moon's orbit (in miles) 

moon (in miles)^~ Number of ma^n^diameters m one orbit 

□ 5. What is the diameter of the moon? 

Special note to students on calculating 
the length of the moon's orbit 

Are you wondering how the moon's orbit was measured? 
In Chapter 3 you learned that the moon is about -240,000 
miles from the earth (Figure 5). ' / 

■ ^ ' MoorT 





You may know that 'the distance around any circle (cir- 
cumfereoce) rtiay be found by multiplying the distance across 
the circle through its center (diameter) by a constant called 
TT (pronounced "pie"). The value of -n- is approximately ^, 
or 3.14. With this in. mind: ' ^ 

Distance around = x distance across 

= T X 2 X half the distance across 
= 3.14 X 2 X half the distance across 
^ • = 6.28 X half the distance across 

In Figure 5, "half the distance across" tl\e circle is the 
distance from the earth to the moon. Thus we write: 

Length of the moon's orbit . • • 

= 6.28 X distance from the earth to the moon 
= j6.28 X 240,000 miles 
= 1,500,000 mUes - . , 




What's Radar? 
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What is radar? The name radar was coined fr^ the words 
RAdxo Z>etection /lnd '/?anging by two United States naval 
officers, F. R. Furth and S. M. Tucker. Radar is the process 
of. using radio pulses to detect the location of an object. In 
the process, yery short powerful pulses of radio energy are 
transmitted. They bounce off the object anj^ return to the 
sending station a bit weaker. 

Rftar technicians measure how long it takes for a pulse 
to travel to an object and back. The longer it tSlfees the pulse 
to return from an object, the farther away the object must 
be. Thus, by measuring time of travel of the pulse, it is 
possible to determine the distance a target ii»i^om the radar 
•sct.»' 



ERIC -.^ : 





This is precisely how radar was used to measure the dis- 
tance to Venus. Radio pulses travel at 186,000 miles/sec. A 
pulse of energy was beamed at Venus. I hcn the radar opera- 
tor waited until his antenna received the reflected signal. 
Since the round-trip time was about 280 seconds, the one-way 
trip took half this time; that is, the pulse required 140 sec- 
onds, or 2^ minutes, to travel from Earth to Venus (Figure 1). 



216 minutes, one way 




"•").) ()()■()()( 
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Figure 1 

You probably know how to use speed and time measure- 
ments to find the distance traveled. 

□ 1. How far will a radio pulse travel in 1 minute if it moves 
186,000 miles/sec? 

□2. If the pulse takes 2.33 minutes to travel from Venus 
to Earth, how far iias the ^julse traveled? 

□3. How far is Venus from Earth? 

Using the methods discussed above, radar locates airplanes 
and ships, birds and thunderstorms, man-made satellites and 
planets. The same principle has also been used to measure 
the distance to Mars, Mercury, and of course to oyr moon. 

So far, scientists have not been able to use raidar to ac- 
curately measure the'distance to the sun. Being' a body com- 
A posed mainly of hot gases, the sun is what sciei\tists call a 
"soft" target rather than a hard target such as a plandt. There- 
fore, although radar can give the distance to Venus to u^ 
as a base Une in measuring the distance to the sun, it cannot 
accurately give the distance to the sun. 
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Angles and Protractors Excursion 4-2 



1 



As you open a pair of scissors, the angle (opening) formed 
by the blades changes. 




Figure 1 

Ql. Which angle formed by the blades in Figure ; is the 
largest? ^ 

Whenever two lines meet, an angle is formed. The meeting 
point of the hnes is the vertex o( the angle (Figure 2). 

Vertex 

y ■ ' " -I , 

% 

□2, Can an angle have more thdn one vertex? 

♦ • 

When two lines meet to form a'^square comer, they form 
a right angle (see Figure 3). ' 



Figure 2 




Figure 3 



Right jungle 



9S 




Rgure 4 




□ 3, List some examples of nghl angles formed by objects 
in your classroom. 

Notice the curved lines used to indicate angles "^n Figure 
4, Such a line can indicate any angle you are interested in. 
Right angles are usually represented by a square, as in 
Figure 3. 

% ^ — ^ 




Circles are measured by dividing them into equal parts 
galled degrees. These are not the same kind of degrees you 
remember from your earlier work with temperature. How- 
ever, the .same symbol is used for angle degrees. 

Thus a right angle contains 90*" (Figure 5), 



Figure 5 




QA. What portion of a circle is a right an^le (W)^ 



15. Jf i right angle contains 90% how many degrees iarc 
in a complete circle? • . 



i)9 




Look at your protractor^ U should be Positioned with its i80 
center point on the vertex B of angle AbC, and its zero 
point on line BC. This is shown in Figurt/s 6A and 6B. 

IFIgure 6 




B 



180* 



Some protractors have two scales. You then use whichever 
. one is easier in reading the desired angle. In the following 
illustrations, -a protractor with only one scale is shown. Fig- 
ure 7 provides an angle for you to measure for practice. 
ActWides 1 and 2 show you how to do it if you need addi- 
tional help. 

ACTIVITY 1. Set the protractor on the angle with the center 
point on the vertex and the curved part of the protractor 
covering the angle. The 0° mark must touch one side of the 
angle. Notice that the protractor forms a curved line lilte the 
ones you've seen in the drawings ,so far. , 




Rgure 7 



90* 





X Vertex 








fo* 


X/ 


18oM 







ACTIVITY 2. fiead the number on the scale that the other side 
of the angle passes through. _ 




00 
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Measure the angles in T igure 8 to thc^earest whole degree. 
Record'your measurements m lablc 1. Have your teacher 
check your figures to be sure that you understand how to 
Figure 8 ' use the protractor. V 




Table 1 




Figure 


Angle (') 


- A 




B 




C ' 




D 





ISow that you have measured . some angles, try to draw 
some angles of certain sizes. Activity 3 shows you how. 

ACTIVITY 3. A. Draw a line. B. Place protractor with center 
on one end of the line. C. Mark a point by the desired angle. 
D. Connect this point with the line's endpoint 



1 : * ■■ — ■ n 
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L* . Y> 



88 EXCURSION .4-2 



following angles: 72% 30% 1X5°. 

Have your teacher check your drawings. When he ap- 
proves, you are ready to return to your wbxk in Chapter 4. 



Scale Drawings 
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If you know the scale used in^a drawing, you can determine 
the actual size of the object drawn. Look at Figure 1. It is a 
simple plan for a new building. 

□1. What scale did the Architect use? 

□2. How many centimeters wide is the storage area as 

shown in the drawing? 

□3. When the warehouse is actuaUy buUt. how wide will 
the stosage area be? 



Plans For Acme Warohoua* 
Scale: i cm r= 10 m 




Answer* to Checkup . 

1. 16 leet (Consider 15 or 17 
to be dose enough.) 

2. 14 feet (Consider M or 16 
to i>e close enough.) 

If you milked either of these 
questions, do this excursion 
before returning to Chapter 4. 



Flgura 1 



Parking area 




Figure 2 



Your answer to question >2 shoyld be 4 cm. ! he answer 
to 3 should be 40 m. (This results from multiplying 4 x 10. ^ 
Remember that 1 cm on th<,drawing represents 10 m in the 
linished building.) . ' 

* » 

□4.. Use the information in Figure 2 to answer these ques=. 
tions: . . . • 




L 



Scale: 1 cm = 300 miles 



What is the actua/distancc 
'a. from Boston to Chicago? 

B. from Chicago to San Francisco? 

C. from Chicago to New Orleans? 

If your answers to question 4 were A. 840 miles, B. 1,800 
miles, and C. 840 miles, you are ready to continue with 
Chapter 4. If you missed any of the parts to question 4, 
consult with your teacher before going ahead. 



/ 
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Practice in Using Excursion 4-4 

Scale Drawings ^ 



How can you find the distances from ^-^b to th^^^^^^^ 
Venus to the sun by using a scale drawing? Tbe sketch in 
pLure 1 is a scale drawing. Measure the distances shown 
on the drawing: VS, ES, and EV. Try it. 



Sun 




Compare your restilts with the figures in Table 1 . Remea- 
sure ISy distances that do not agree with^the numbers m the • 
table. 




Earth 



Figure 1 



Table 1 



: T 


Scale Drawing 
(Distance in mm) 


Actual Distance 
(in miles) 


Venus to Sun (VS) 


43 




Earth to Sun.(ES) 


60 




Earth to Venus (EV) 


17 


26.000.000 



xO*4 



♦ / 

Mm 



c 



\ 



I J1- From Table 1 you sec that 1? mm on the drawing 
repr(?\ent 26,000,000 actual miles. How many actual miles 
would be re|Aesented by 1 mm? Ofcoursc^ ^ 4s many nicies, 
or 1 mm on the drawing, represents ^ x 26,000,000 actual 
miles rz: iiow many miles? 

□ 2, How many actual miles would be represented by 2 ram 
on the drawing? 

ns^t Now figure out the Venus-sun distance for Table L How 
many actual miles are represenfed by 43 mm? 43 mm in the 
drawing represent \^ x 26,000,000 actual miles = how many 
miles? 

□4. Using the same method, you can find the Earth'-sun 
distance. The Earth-sun distance on your drawing is 60 mm- 
How many actual miles are represented by 60 mm? 

You shouRl have gotten about 66,000,000 actual miles as 
an answer for question 3. About 92,000,000 actual miles 
should be your answer for 4. Record these results in Table 
1 in your Record Book. Now return to Chapter 4 and com- 
plete Table 4-2. If you contmue to have difficulty, consult 
your teacher. . ^^^ ^ 
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Moon Gazing 



Excursion 5-1 



A nutth ewElass maker. Hans Lippershey, discovered the 
DutA eyeglass m?^ He found that an eyeglass lens 

ZuT.!^ tntThe'ught rays are brought cl<»™*er 
Sev eventually cross and can fom. an .mage on a flat sur 
SS^T^e crossing of the light rays produces an ups.de-down 
image of the object.' Figure 1 allustrates this. 



Figure 1 « 



J. -"" \ 




Focused 
image 



. * DWant 

object 



> i 



/ LiDoershcY found that such a lens could be placed in one 
UTat;iLer. A smaller len. placed at the o^^^^ en^. ^ 
could be used to magnify the image. (See Figure 2.) 



Lent of telescope 



Magnified image as 
sien by observer 




\ 




Ob)ect lens 
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Lippcrshev probably didn't think of using his telescope to 
look al the stars or moon. But others who heard of the j[iew 
gadget did. Soon nistrunients were being made just for that 
purpose. One person who made his own telescope and used 
It for sky gazmg was the scientist Galileo. Perhaps you've 
heard" of him. He*s the same fellow who tested the idea ^lat 
oWeyts with different masses fall at the same rate. 

People who use telescopes don't just want to see distant 
objects. They want to see as much detail as possible. To 
^understand how this is achieved, you needHt) kjnow a bit more 
about the fenses iri the'telescope- ^ 
— The distance from" the i^bjccriens to its focus is^c3^ -tfic 
focal length of the object lens. Likewiscf, the distance from 
the eyepiece lens to its focus is-the focal length of the eyepiece. 

The power or magnification of a telescope is calculated 
by using the following equatijjn. / .i. 



Power 



Focaf length of object lens 
Focal\length of eyepiece 



□ 1. Suppose a telescope has an object lens with 30-cm focal 
length and an eyepiece lens with 5-cni focal length. Deter- 
mine the ^wer of the telescope. ^ 

The greater the focaflength of the object lens as comparcdL 
.with the focal length of th^ eyepiece, the greater the mag- 
uficatipn. However, when you magnify size, yoii also mag- 
. jnfy motion. So the greater power the telescope Jias, the 
steadier you mVist hold it. Even the slightest motion may 
m^ke the image seen^ to'float, bobbing up a;:id down ind 
sideways like a cork on a windswept pond. 

I 

□2. Why must giant leleS€opes at observatories rest on^as- 
sive concrete foundations? ^ 

* Perhaps you'd like to construct an instrument similtr to 
the one Galileo made, and use it as he ^id— to observe the 
surface of Uie moon, its craters, flat plaint (called seasjj, and 
mountains. If So^ you will nejed the following equipment: • 

1* cardbo^rii tube, 40 cm long, with insiSf tube and end 

caps ^ . / • 

^ object lens, 34 mn/ in diameter * 
1 eyepiece lens^ 25 mm in diameter 



I. • 



4. 



1 cardboard, 15 cm square, w^h white surface 
Meterstick 

Masking tape , . 

In order to know the pa)#er that your telescope will have, 
•you need to find the focallengths of the two lenses. Be careful 
in handling them. Do m drop them, as they break easily. 
When you are-^ready.-to start, go to the darkest part of the 
room and prop the/tardboard flat against the wall. 
. \ / ■ 

ACtlVlTY 1 . Hol/the object len* (the larger Idns) by the edge. 
In front of the cardboard. Move the* ien& toward ffr away from 
.^.-canihoafi untlLa Jalat Jraake of .a ^ 
Clo the cardboard. The distance ttom the lens to the cardborftf ' 
'will then be Its focal length. Use the meterstick to measure 
this dlMance. ' 

^ Cardboard 
. . » on wall — 



™ 




Qz. What is thi focal length,, in cm of the object lens? 



Jleptat Activity I wiih |he eyepiece lens.^This time the 
fbcal length should be much shorter. . " • 

□4^j^hat is the focal4ength of the eyepiece lens, ip em? 

"□5. Using the eqifation given earlier, calculftje the power 

of yodr telescope. ' . * . \ 

■ '/'■>' ^ ' - ' 

"Now continue with the telestope constructioiv 
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ACTIVITY 2. Remove the two caps from the ends of the sliding 
tubes, if the pinhole disli or the acetate grid disk is still in 
either of the caps, remove it and return it to your teacher. 



Small end 



ACTIVITY 3. Slide the larger lens into the large cap and the 
smaller, lens into the smalt cap. Be careful not to get finger- 
prints or dirt on either leQ9. 



Large cap 





Small cap 



ACTIVITY 4. Replace the caps on the tubes. Secure them with 
smaii pieces of tape. 




Take your telescope to the window. Rest it on the ledge 
or against the window and point it toward a distant object 
* ; other than the sun. Hold the eyepiece close to your eye. Slide 

the outer tube out or in until you can see a sharp image. 

f * ^ .... 
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OS. Describe anyhmg dilfcrenl about the '^age that you 
oMer.e.(diirereht (rom what you would see wth the oaked 

eye)- ' . 

Beside^tnagnifying, your telescope dj^^'^^'^'';'"!' 
w«, unusual. You should have descnbed .t fbovejh ,s 
a common trait of astronomical telescopes. However, .t .s 
not bothersome. 

□7. Why IS the unusual, uait not bothersome to astrono/^ 
mcrs? ■ . ' 

Your tele We will give maximum magnification when the 
dis^^ betTeen th. lenses is about equal to the sum of their 
focal -lengths. • " . 

□8. How far apart should the lenses b~t in your telescope 
to give it the maximUm magnification? 

ACTIVITY 5. Sight a far object to ad|u8t YO"^ 
ifaSmum magnification. Then measure along the o"^^^^^^^^^ 
the case to get the Approximate distance between the two 

lenses. 



Any difference between what you measured *» Activity 5 
and^haTyou predicted in question 8 wiU be due m part 
to inSal e^ differences (assuming that you answered 

"^.liZ^n were to buy a te|«cope, «eid 

or binocular^ you might see two numbers listed m the de, 

scriotive Uteiature. You might, for examp e, 5ee, 8 X 30 

-ir-^ight by ^^^.Tl^tr^rn^^^r 
this case, a magmficatton oi » times, luc a^w 
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gives the diameter of the object lens in inilliineters —yh this 
case 30 mm. The latter tigure is ini{K>rtant. It tells you the 
light-gathering ability of the instrument. The higher this 
number is, the more light it allows to enter the instrument. 
Instruments with greater light^gathering ability work better 
at night. 

□ 9- Give the descriptive numbers for the power and light- 
gathering ability of your telescope. 

Now that you have made a telescope, ask your teacher 
if ^ou may use ;t at night to observe the moon. You should 
\ . « Ije able to identify some of the moon's features^ 
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The Night That 
People Lost 1 0 Days 



Excursion 6-1 



YoJve probably heard t^e story of Rip Van Winkle, who 
slept for 20 years, but have you heard about the night the 
people of Rome, Italy, actually slept away 10 days? It seems 
incredible, but in 1582 everybody in Rome went to bed on 
October 4 and woke up on^ October 15. Even more- re- 
markable is the fact that the next day, October 15 in Rome, 
was only October 5 in London, England! How this amazmg 
turn of events came about is the subject of this excursion. 

The story goes back a long way-to a time well before 
the birth of Christ. In those early days, people found it hard 
to predict and describe when important events were gomg 
to happen. They used events such as the arrival of certain 
kinds of birds or changes in temper^ure to measure the time 
of the year. Of course, these methods were not completely 
satisfactory. Bird arrivals and temperature changes don't 
happen at exactly the same time each year.-^ 




lo solve the problem of knowing the time of the year, 
people had to develop a calendar -a system of limckecping 
based on some regularly occurrnig event. They IpDnd that 
at least three sxxjch events could be used. 

L The tirfie from one full moon to the next 

2. The time from one sunrise to the next 

3. The time from* one spring to the next (Astronomers 
determined the first day of spring by observing the exact 

V time the sun passed a particular point in the sky on 
its north-south journey.) 




EARLY CALENDARS The Sumerians lived more than 4,000 years ago in what is . 

now Iraq. They were probably the first people to ihake a 
calendar. They used the phases of the moon to detennine 
how long a pionth was (about 30*^ days). In the Sumerian 
calendar^ twelve lunar monihs^ (360 days) made a year. 



□ 1 • How many days shorter than our year was the Sumerian 
year? 

The Sumerians tried to mak& up the difference between 
their year and the amount of time that passed between 
springs by adding an extra month about every foiuth year, 

□2. About how often should the Sumerians have added a 
* 100 L- ACv^r b J . 30-day month to get a year as big as ours? 

^13 



As you can probably sec, there were pr()bleins with this 
calendar. 1 he Sumcriai)s were never able to adjust thetr 
calendar so that the seasons arrived in exactly the same 
month each year. Although the C^. reeks, the Hebrews, and the 
Egyptians made iitiprovements m the Sumerian calendar, the 
problem continued. 

The calendar of the early Romans was also based on the 
phases of the moon. The Roman year was 355 days long.^ 
The months that correspfonded to our March. May, July, and 
October were 31 days long. February had 28 days, and each 
of the other seven months had 29 days. The Romans, like 
the Sumerians, added an extra month eVery fourth year. 

The word calendar comes from the Latin word kalendae— 
the first of the Roman month. This was the day that accounts 
were entered in an account book {kalendarium) and paid. You 
. can see that the custom of paying bills on the first of the 
month goes back a long way. 

The Roman high priest kept track of the calendar. On each 
calends, or day of the new moon, the priest announced. the 
phases of the moon for that month. The first quarter phase 
was called the nones. The full moon was the ides. 





□3. You may have heard the famous quote from Shake- 
speare's Julius Caesar: "Beware the ides of March." What is 
meant by the ,ides of Marcn? 

-.: ..... :: .::r--..:iu-.'.'. 
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.JULIUS CAESAR'S 
CALEN^R 
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By 46 B.C., the Roman Emperor Julius Caesar had become 
quite unhappy with the Roman calendar. Becaiise the high 
priests had done a poor job of keeping track of the calendar, 

• the sum^ner months were now coming in the spring. To solve 
the problem, Caesar introduced what became known as the 
Julian calendar. 

• The Julian calendar was devised by the Egyptian astrono- 
mer Sosigenes. It had a 365-day year (10 days longer thAn 
the Roman calendar). The extra 10 days Wer^ added to the 
months with 29 days, making them identical with the months 
on today's calendar. 

The unique featur^ of the Julian calendar was the extra 
day added to evciry fourth (or leap) year. This produced the 
same result that adding a quarter of a day to each year would 
produce. In effect, thi^ meant that the Julian year was 365| 
days long. This is almost, but riot exactly, as long as the earth 
takes to make a complete turn around the sun. Because the 
Julian year was only a few minutes per year longer than the 
earth year, the change of seasons occurred on almost the 
same date every year. 

We would probably be using the Julian calendar today' if 
it were not for something that happened a.d. 325. That year 
there was an important meeting of church officials in Nicaea 
(in what is nT)W Turkey). At the Council of Nicaea/ the bish- 
op§ decided that Easter would be celebrated on th^ first 
Sunday after the first full moon that occurs on or after the 
first day of spring, a.d. 325 the first day of spring occurred 
on March 21; this meant that Easter could i^ot occur befort 
March 22 or ^fter April 25. 

□4. See if you can explain why Easter would have to occur 
, within these dates in order to meet the council requirements. 



Ovef the years the few minutes' difference between the 
time it takes the earth to go around the sun and the 3b5\ 
days in the Julian calendar began to add un. In fact, by the 
year 1562 it added up to 10 full days. T^t year the first 
day of spring came on March IT instead of March 21! This 
meant that Easter would be celebrated at a time before 
March 22. This violated the rules of the Church. 

Pope Gregory decided to find some way to change the 
calendar lo^-make stife- that Easter would be celebrated at . 
the proper time: This "decision led to the 10-day sleep men- 
tioned at the beginning-of this excursion. The pope decreed 
that the day following October 4, 1582, would be October 
15. He also directed that, in the future, leap year>ould be 
omitted about once every 128 years. (This made the calendar 
year almost exactly the same length as the earth year.) The 
dropping of the specified leap years was designed to keep 
the first day of spring on the same date so thajt Easter would 
always be , celebrated at the proper time- 



The new calendar proclaimed by Pope Gregory became TrtE GREGORIAN 
known as the Gregorian calendar. The Gregorian calendar CALENDAR 
set January 1 as the beginning of the year. Until then, the , 
year had begun in some countries on December 25, in others 
on January 1, and in still others o;i March 25. 




The Ciregorian calendar^ was adt^pted immediately by 
countries with large Catholic populations. Protestant coun- 
tries, and some countries in the Middle hast, continued to 
use the Julian calendar. F or example.' the new calendar was 
not adopted in England until 1752. By this time» the English 
had to drop 1 1 days, not 10. Many Englishmen resented the 
change and held protest marches, crying "Give us back our ^ 
11 days." Most Midale Eastern countries didn't adopt the 
Gregorian calendar ur^til 1923. These countries had,to drop 
13 days. The Chinese adopted the new calendar in 1^12. 

□S. Can you explain why it was October 15 in Rome and 
only October 5 in London following Pope Gregory's decree? 

* • The argument over which calendar to use has caused all 
sorts of trouble for people who study history. Historical dates 
depend upon what book you read. For example, George 
Washington was bom either on February 22, 17?2, or on 
February 11, 1731. The difference depends upon whether or 
not the writer dropped the 11 days and whether he con- 
sidered the year as startingoon January 1 or on March I. In 
fact, some bx)bks list Washington's- birthday as February 

1731. ' * - 

The Pilgrijns landed at Plymouth, Massachusetts, on De- 
cember 1620. According to Governor William Bradford, 
they began building their first house on December 25, 1620. 
By the Gregorian calendar, however, this was January "4, 

1621. , 

Changing the calendar has caused legal problems, too. 
Sonie landowners in England tried to collect rent on "their 
property for the 1 f days that were dropped from the^endar 
during 1752. The British Pariiament had to pass a special 
act declaring that salaries, rents, and interest would not be 
collectable for the 1 1 lost days. 



Matching Wits Excursion 6-2 

Irtfith Galileo 

V 

e 



According to the theory of Ptolemy, an ancient Greek as- 
tronomer, the earth is: at the center of the solar system. In 
other words; the planets and the Tsun move around the earth 
<see Figure 1>. Ptolemy's theory , holds that Venus is closer 
to the earth than is the sun. Further, the theory holds thdt 
as Venus travels around the earth, it also moves in another 
circular path. Figure 1 shows this as a motion around point D. 

Ptolemy also believed Venus and the sun. m6ve in such 
a way that at any. time a straight line can be drawn joimng 
^thc earth, the sun, and poii^O. 




/ 



Rgure 1 
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Figure 2 
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C opernicus believed the sun is at the center of the solar 
system. He believed Venus and the earth (and the other 
planets as well) move around the sun (see Figure 2). 




Galileo tried to decide which of the two theories was 
correct. With a telescope that he made, he observed Venus 
for two years. He observed some interesting changes in the 
appearance of the planet What he saw is shown in Figure 
3* He found that the shape of Venus changed, very much 
as the shape of our moon seems to change. Galileo realized 
that he h^ all the information he needed to decide definitely 
whethen^tolemy or Copernicus was right. You have all tlw 
infomjIUion that you need, too. Match wits witH Galileo* On 
the basis of the telescope evidence and" Figures 1 and 2, tell 
which theory you support and why* 



□ 1. Which theory do you support? 

□2. What are your reasons for supporting the theory? 
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power 



SuDDOse a house stands on a hiU beside a river. Th^ house 
LtXI orf fire. Naturally, .he owner would l.ke to get water 



Figure 1 





from the river and put out the-fire. If he had no help he 
^Td*t^"o mn back and -forth with one or two bucket 
^i„?wa.er to throw on the Are. But if the fire had much 
.^f fl head start he would lose his house. 

U *e owne had enough neighbors wr.h buckets, they 
could tm a double l,ne, handing full buckets up and em 

buckets down. Certainly '-^^'^^^'X^t^ZltXo... 
house each minute this way. The chance oi savnrg 
would be a great deal better. 



1 



Figure 2 



If a fire tn^k with a powerf ul purr^p and a K>ng hose came 
along, it would be even better. More water per mmute could 
be transferred from the river to the house. 




'Figure 3 



\ 



What is the point of the story? J\ist this. Almost always, 
the- tim^ it takes .to do a given amount of work is quite 
import^FXiivpn a long enough time, the owner by himself 
CQuld Uav^\arried^ny amount of water from the river to 
thb' hofase. Bu;^fter the house has burned down, the water 
dofes no good. . , ^ • 

\xi the language of Science, the ra/^ at which work can be 
doJie, or iht^rfite at whith. energy can be transferredy is almost 
. always very important. The real difference between a man 
with a buckeTand a fire truck with a pump is the rate at 
which each can do work. 

Science has given a name t9. the rate of doing work, or 
^Kejate of energy transfer, flie name is pQwer. 

The power of the sun is the amount of energy per second 
it sends but into space. This power can be measured in units 
called watts. If you had ^.evel I of ISCS, you may recall the 
, definition of a watt , . 



1 watt = 



1 newton » meter 
second 



' Remember, calculating the wattage of t^e s„un mean§ oaX- 
culating the energy it 'produces per sec«a^. 
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Using Squares 

to Measure Distance 



Excursion 7-2 



In ChapJer 7 you set out to measure the wattagd of the sun.' 
One W4y to>dp this is to use the process shown in Table 7-1. 
All that table calls for is doubling tjle distance and multi- 
plying the wattage by four until the distance reaches 
15,OOO,0O0,OOO,O(;g cm. But.jhisJ$ a rather slow process! 



-=Fhis problem could be solved more easily by using another 
approach. The key to the solution can be foynd in the rela^ 
tionship between the -numbers/ in Table 1. These data show 
how the power of a light source must be increased to give 
the same amount of light as its distance from, the object 
increases. ^ 



— ' 1 

Distance to 


. r 1 — 

Power of 


Light Source ' ' 


• Source (watts) 


-lOcm ' 


50 


20 cm 


200 


40 cm ' 


- - 800 


* « 80 cm » 


3200 


93 million miles 


? 



WHATS WATTS? 



Tablo 1 
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Table 2 



lake a close look at the next table of data. It points out 
some ijnponanl facts about the Uistancc-power relationship. 



Distance 
to Source 



Amount of 

Increase 
in Distance 



Power of 
Source (watts) 



♦ Amount Power Source Must 

^Increase to Give Same 
Light as a 50-watl Bulb at 50 cm 



10 cm 

20 cm 

40 cm — 

80 cm 

93 mil. miles 



2 umes 
i 



— ^ 



4 ti^es 



8 limes 



? times 



50 
200 
. 80Q 
3200 



4 ttmrs ^ . 
16 limes 



I 



64 times 



1 



? times 



TabI* 3 



When the original distance of 10 cm is doubled, the watt- 
age of the source must be made four times greater^ (200 
watts = 4 X 50 watts). When the original distance is in- 
creased four times, the wattage must be made sixteen times 
greater (800 watts = 16 x 5p watts). 



□ 1. According'to Table 2, how many times greater must the 
wattage be if the original distance is increased eight times? 

Note the relationship between the times increase in the' 
distance and the times increase in wattage. 





Wattage 


l>istance 


Increase 


Increase 


2 times 


4 times 


. 4 times 


16 times 


. 8 times 


64 times 
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The relationship between increase in distance and increase 
in wattage is called r a "squatcd relationship " A number 
multiplied by itself is sfud to be "squared." The square of 
2 is 2 X 2, or 4. v . 



□2. V^hat is the square of 4? 



□ 3. What is the square of 8? 

' Now how can all this be used to determine the power of 
the sun? You can calculate the number of times 10 cm must 
be increased to become 15,000,000,000,000 cm (the distance 
to the sun). . . 

□4. How many times will 10 cm go into 15,000,000,000,000 
cm? 

Now square your answer to question 4. Then multiply 50 
waits by lhat tiumber. The result will be the. sun's power 
as calculated for the data given in Table 1. 

However, the l(>-cm distance measure in Table 1 was used 
to illustrate the naethod ©('calculating the sun's power. In 
Chapter you actually compared the sun's effect with a 
50-watt bulb. In question 2-18 or<:hapter 2, you recordfed 
a 4jstance measure. This was the distance a 50-watt bulb had 
to be from your pyrheliometol^to give the same temperature 
change effect as the sun. 




□5.' Nbw ,use that distance measure to calculate the power 
of .the suh. , ^ , 



( ^1 WONDER HOW YOU SAY THAT 7 

I 

\ 
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